
(19) United States 
US 2011 0164684A1 

(12) Patent Application Publication (10) Pub. No.: US 2011/0164684 A1 
Sato et al. (43) Pub. Date: Jul. 7, 2011 

(54) IMAGE PROCESSINGAPPARATUS AND (52) U.S. Cl. ...... 375/240.16; 375/E07.104; 375/E07.243 
METHOD 

(75) Inventors: Kazushi Sato, Kanagawa (JP); 
Yoichi Yagasaki, Tokyo (JP) 

(73) Assignee: SONY CORPORATION, Tokyo (57) ABSTRACT 
(JP) The present invention relates to an image processing appara 

tus and method capable of Suppressing an increase in the 
(21) Appl. No.: 13/119,717 number of computations. 

(22) PCT Filed: Sep. 24, 2009 By using a motion vector timmvo searched for in a reference 
frame of a reference picture number ref id=0, an MRF search 

(86). PCT No.: PCT/UP2009/066491 center calculation unit 77 calculates a motion search center 
mv in the reference frame of a reference picture number 

S371 (c)(1), ref id=1, whose distance in the time axis to the target frame 
(2), (4) Date: Mar. 17, 2011 is next close to a reference picture number ref id=0. A tem 

O O plate motion prediction and compensation unit 76 performs a 
(30) Foreign Application Priority Data motion search in a predetermined range E in the Surroundings 

of the obtained search centermV of the reference frame of the 
Sep. 24, 2008 (JP) ................................. 2008-243960 reference picture number ref id=1, performs a compensation 

O O process, and generates a prediction image. The present inven 
Publication Classification tion can be applied to, for example, an image coding device 

(51) Int. Cl. that performs coding in accordance with the H.264/AVC 
(2006.01) 

AD ORTHOGONAL 
CONVERSIONH-REARRANGEMENT TRANSFORMATION 

UNIT BUFFER UNT 

TEMPLATEMOTION PREDICTION PREDICTION AND T IMAGE 
COMPENSATION UN SEON 

MRF SEARCH 
CENTER 

CALCULATION UNIT 
PREDICTION 

UNIT 

method. 

CONTROLUNT 

19SSESS ACCUMULATION COMPRESSED 
CODING BUFFER MAGE 
UNIT 

NVERSE 
ORTHOGONAL 

TRANSFORMATION 

51 

  

  

  

  

    

  

  



US 2011/0164684 A1 Patent Application Publication 

    

  
  

  

  

  

  

  

      

  

  

  

    

  

  

  

  

    

  

  

  

  



Patent Application Publication Jul. 7, 2011 Sheet 2 of 24 US 2011/0164684 A1 

FIG 2 

MACROBLOCKTYPE 

16 x 16 16 X8 8X 16 8 X8 

H 
SUB-MACROBLOCK TYPE 

8X8 8X4 4 X 8 4X4 

  

  

    
  

  



Patent Application Publication Jul. 7, 2011 Sheet 3 of 24 US 2011/0164684 A1 

FIG 3 
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FIG. 9 
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FIG 11 
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IMAGE PROCESSINGAPPARATUS AND 
METHOD 

TECHNICAL FIELD 

0001. The present invention relates to an image processing 
apparatus and method and, more particularly, relates to an 
image processing apparatus and method in which an increase 
in the number of computations is Suppressed. 

BACKGROUND ART 

0002. In recent years, a technology has become popular in 
which an image is compressed and coded, is packetized, and 
is transmitted by using a method, such as MPEG (Moving 
Picture Experts Group) 2, or H.264 and MPEG-4 Part 10 
(Advanced Video Coding) (hereinafter referred to as H.264/ 
AVC), and is decoded on the receiving side. As a result, it is 
possible for a user to view a moving image with high quality. 
0003. By the way, in the MPEG2 method, a motion pre 
diction and compensation process of /2-pixel accuracy is 
performed by a linear interpolation process. However, in the 
H.264/AVC method, a prediction and compensation process 
of 4-pixel accuracy using a 6-tap FIR (Finite Impulse 
Response Filter) filter is performed. 
0004 Furthermore, in the MPEG2 method, in the case of a 
frame motion compensation mode, a motion prediction and 
compensation process is performed in units of 16x16 pixels, 
and in the case of a field motion compensation mode, a 
motion prediction and compensation process is performed in 
units of 16x8 pixels on each of a first field and a second field. 
0005. In comparison, in the H.264/AVC method, motion 
prediction and compensation can be performed in Such a 
manner that a block size is variable. That is, in the H.264/AVC 
method, one macroblock composed of 16x16 pixels can be 
divided into one of partitions of 16x16, 16x8, 8x16, or 8x8 so 
as to have independent motion vector information. Further 
more, an 8x8 partition can be divided into one of sub-parti 
tions of 8x8, 8x4, 4x8, or 4x4 so as to have independent 
motion vector information. 

0006. However, in the H.264/AVC method, as a result of 
the above-described motion prediction and compensation 
process of 4-pixel accuracy, and a block variable motion 
prediction and compensation process being performed, an 
enormous amount of motion vector information is generated. 
If this is coded as is, the coding efficiency is caused to 
decrease. 

0007 Accordingly, a method has been proposed in which 
searching a decoded image for an area of an image having a 
high correlation with a decoded image of a template area that 
is adjacent to an area of an image to be coded in a predeter 
mined position relationship and that is a portion of the 
decoded image is performed, and a prediction is performed on 
the basis of the relationship between the found area and the 
predetermined position (see PTL 1). 
0008. In this method, since a decoded image is used for 
matching, by determining the search range in advance, it is 
possible to perform the same process in a coding device and 
a decoding device. That is, as a result of the above-described 
prediction and compensation process being performed also in 
the decoding device, image compression information from 
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the coding device does not need to have motion vector infor 
mation. Consequently, it is possible to Suppress a decrease in 
the coding efficiency. 

CITATION LIST 

Patent Literature 

0009 PTL 1: Japanese Unexamined Patent Application 
Publication No. 2007-43651 

SUMMARY OF INVENTION 

Technical Problem 

(0010. By the way, in the H.264/AVC method, a method of 
a multi-reference frame is prescribed in which a plurality of 
reference frames are stored in a memory, so that a different 
reference frame can be referred to for each target block. 
0011. However, when the technology of PTL 1 is applied 
to this multi-reference frame, it is necessary to perform a 
motion search for all the reference frames. As a result, an 
increase in the number of computations is caused to occur in 
not only the coding device, but also the decoding device. 
0012. The present invention has been made in view of such 
circumstances, and aims to Suppress an increase in the num 
ber of computations. 

Solution to Problem 

0013 An image processing apparatus according to an 
aspect of the present invention includes: a search center cal 
culation unit that uses a motion vector of a first target block of 
a frame, the motion vector being searched for in a first refer 
ence frame of the first target block, so as to calculate a search 
center in a second reference frame whose distance to the 
frame in the time axis is next close to the first reference frame; 
and a motion prediction unit that searches for a motion vector 
of the first target block by using a template that is adjacent to 
the first target block in a predetermined position relationship 
and that is generated from a decoded image in a predeter 
mined search range in the Surroundings of the search center in 
the second reference frame, the search center being calculated 
by the search center calculation unit. 
0014. The search center calculation unit can calculate the 
search center in the second reference frame by performing 
Scaling on the motion vector of the first target block using the 
distance in the time axis to the frame, the motion vector being 
searched for by the motion prediction unit in the first refer 
ence frame. 
0015. When a distance in the time axis between the frame 
and the first reference frame of a reference picture number 
ref id k-1 is denoted as t, a distance between the frame 
and the second reference frame of a reference picture number 
ref idk is denoted ast, and a motion vector of the first target 
block searched for by the motion prediction unit in the first 
reference frame is denoted as timmV, the search center 
calculation unit can calculate a search center mV, as 

ik ath. 1 
my = -- innvik 1, M 

ik-1 

and 
the motion prediction unit can search for the motion vector of 
the first target block in a predetermined search range in the 
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Surroundings of the search center mv in the second reference 
frame, the search center being calculated by the search center 
calculation unit. 
0016. The search center calculation unit can perform a 
calculation of the search center mV, by only a shift operation 
by approximating a value oft/t in the form of N/2 (N and 
Mare integers). 
0017 A POC (Picture Order Count) can be used as dis 
tances t and t in the time axis. 
0018 When there is no parameter corresponding to the 
reference picture number ref id in image compression infor 
mation, processing can be performed Starting with a reference 
frame in the order of closeness to the frame in the time axis for 
both the forward and backward predictions. 
0019. The motion prediction unit can search for the 
motion vector of the first target block in a predetermined 
range by using the template in the first reference frame whose 
distance in the time axis to the frame is closest. 
0020. When the second reference frame is a long term 
reference picture, the motion prediction unit can search for 
the motion vector of the first target block in a predetermined 
range by using the template in the second reference frame. 
0021. The image processing apparatus can further include 
a decoding unit that decodes information on a coded motion 
vector, and a prediction image generation unit that generates 
a prediction image by using the motion vector of a second 
target block of the frame, the motion vector being decoded by 
the decoding unit. 
0022. The motion prediction unit can search for the 
motion vector of a second target block of the frame by using 
the second target block, and the image processing apparatus 
can further include an image selection unit that selects one of 
a prediction image based on the motion vector of the first 
target block, the motion vector being searched for by the 
motion prediction unit, and a prediction image based on the 
motion vector of the second target block, the motion vector 
being searched for by the motion prediction unit. 
0023. An image processing method according to an aspect 
of the present invention includes the steps of using, with an 
image processing apparatus, a motion vector of a target block, 
the motion vector being searched for in a first reference frame 
of the target block of a frame, so as to calculate a search center 
in a second reference frame whose distance in the time axis to 
a frame is next close to the first reference frame; and search 
ing for a motion vector of the target block in a predetermined 
search range in the Surroundings of the calculated search 
center in the second reference frame by using a template that 
is adjacent to the target block in a predetermined position 
relationship and that is generated from a decoded image. 
0024. In an aspect of the present invention, by using the 
motion vector of a target block that is searched for in a first 
reference frame of a target block of a frame, a search center in 
a second reference frame whose distance in the time axis to 
the frame is next close to the first reference frame is calcu 
lated. Then, in a predetermined search range in the Surround 
ings of the search center in the calculated second reference 
frame, the motion vector of the target block is searched for by 
using a template that is adjacent to the target block in a 
predetermined position relationship and that is generated 
from the decoded image. 

Advantageous Effects of Invention 
0025. As described in the foregoing, according to an 
aspect of the present invention, it is possible to code or decode 
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an image. Furthermore, according to an aspect of the present 
invention, it is possible to Suppress an increase in the number 
of computations. 

BRIEF DESCRIPTION OF DRAWINGS 

0026 FIG. 1 is a block diagram illustrating the configura 
tion of an embodimentofan image coding device to which the 
present invention is applied. 
0027 FIG. 2 illustrates a variable-block-size motion pre 
diction and compensation process. 
0028 FIG. 3 illustrates a motion prediction and compen 
sation process of 4-pixel accuracy. 
0029 FIG. 4 illustrates a motion prediction and compen 
sation method of a multi-reference frame. 

0030 FIG. 5 is a flowchart illustrating a coding process of 
the image coding device of FIG. 1. 
0031 FIG. 6 is a flowchart illustrating a prediction process 
of step S21 of FIG. 5. 
0032 FIG. 7 is a flowchart illustrating an intra-prediction 
process of step S31 of FIG. 6. 
0033 FIG. 8 illustrates the direction of intra-prediction. 
0034 FIG. 9 illustrates intra-prediction. 
0035 FIG. 10 is a flowchart illustrating an inter-motion 
prediction process of step S32 of FIG. 6. 
0036 FIG. 11 illustrates an example of a method of gen 
erating motion vector information. 
0037 FIG. 12 is a flowchart illustrating an inter-template 
motion prediction process of step S33 of FIG. 6. 
0038 
method. 

0039 FIG. 14 illustrates in detail processes of steps S71 to 
S73 of FIG. 12. 

0040 FIG. 15 illustrates the assignment of a default ref 
erence picture number Ref id in the H.264/AVC method. 
0041 FIG. 16 illustrates an example of the assignment of 
a reference picture number Ref id replaced by a user. 

FIG. 13 illustrates an inter-template matching 

0042 FIG. 17 illustrates multi-hypothesis motion com 
pensation. 
0043 FIG. 18 is a block diagram illustrating the configu 
ration of an embodiment of an image decoding device to 
which the present invention is applied. 
0044 FIG. 19 is a flowchart illustrating a decoding pro 
cess of the image decoding device of FIG. 18. 
0045 FIG. 20 is a flowchart illustrating the prediction 
process of step S138 of FIG. 19. 
0046 FIG. 21 is a flowchart illustrating an inter-template 
motion prediction process of step S175 of FIG. 20. 
0047 FIG. 22 illustrates an example of an extended block 
size. 

0048 FIG. 23 is a block diagram illustrating an example of 
the main configuration of a television receiver to which the 
present invention is applied. 
0049 FIG.24 is a block diagram illustrating an example of 
the main configuration of a mobile phone to which the present 
invention is applied. 
0050 FIG.25 is a block diagram illustrating an example of 
the main configuration of a hard-disk recorder to which the 
present invention is applied. 
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0051 FIG. 26 is a block diagram illustrating the main 
configuration of a camera to which the present invention is 
applied. 

DESCRIPTION OF EMBODIMENTS 

0052 Embodiments of the present invention will be 
described below with reference to the drawings. 
0053 FIG. 1 shows the configuration of an embodiment of 
an image coding device of the present invention. An image 
coding device 51 includes an A/D conversion unit 61, a screen 
rearrangement buffer 62, a computation unit 63, an orthogo 
nal transformation unit 64, a quantization unit 65, a lossless 
coding unit 66, an accumulation buffer 67, a dequantization 
unit 68, an inverse orthogonal transformation unit 69, a com 
putation unit 70, a deblocking filter 71, a frame memory 72, a 
switch 73, an intra-prediction unit 74, a motion prediction and 
compensation unit 75, a template motion prediction and com 
pensation unit 76, an MRF (Multi-Reference Frame) search 
center calculation unit 77, a prediction image selection unit 
78, and a rate control unit 79. 
0054 The image coding device 51 compresses and codes 
an image by, for example, the H.264 and MPEG-4 Part 10 
(Advanced Video Coding) (hereinafter referred to as H.264/ 
AVC) method. 
0055. In the H.264/AVC method, a block size is made 
variable, and motion prediction and compensation is per 
formed. That is, in the H.264/AVC method, as shown in FIG. 
2, one macroblock composed of 16x16 pixels can be divided 
into partitions of one of 16x16 pixels, 16x8 pixels, 8x16 
pixels, and 8x8 pixels, and each can have independent motion 
vector information. Furthermore, as shown in FIG. 2, the 
partition of 8x8 pixels can be divided into sub-partitions of 
one of 8x8 pixels, 8x4 pixels, 4x8 pixels, and 4x4 pixels, and 
each can have independent motion vector information. 
0056 Furthermore, in the H.264/AVC method, a predic 
tion and compensation process of 4-pixel accuracy using a 
6-tap FIR (Finite Impulse Response Filter) filter is used. A 
description will be given, with reference to FIG. 3, of a 
prediction and compensation process of decimal pixel accu 
racy in the H.264/AVC method. 
0057. In an example of FIG. 3, a position A indicates the 
position of an integer accuracy pixel, positions b, c, and d 
each indicate the position of /2-pixel accuracy, and positions 
e1, e2, and e3 each indicate the position of/4-pixel accuracy. 
First, in the following, Clip() is defined as in the following 
Equation (1). 

Math. 2) 

O; if (a < 0) (1) 
Clip1(a) = { a, otherwise 

max pix, if (a > max pix) 

0058 Meanwhile, when the input image has 8-bit accu 
racy, the value of max pix becomes 255. 
0059. The pixel values in positions band d are generated 
as in the following Equation (2) by using a 6-tap FIR filter. 

Math. 3 

FFA 2-5A1+20Ao-20-A1-5A2+A 
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0060. The pixel value in the position c is generated as in 
the following Equation (3) by using a 6-tap FIR filter in the 
horizontal direction and in the vertical direction. 

0061 Meanwhile, the Clip process is performed only once 
finally after both a product-sum process in the horizontal 
direction and a product-Sum process in the vertical direction 
are performed. 
0062. The positions e1 to e3 are generated by linear inter 
polation as in the following Equation (4). 

0063. Furthermore, in the H.264/AVC method, a motion 
prediction and compensation method of a multi-reference 
frame has been determined. A description will be given, with 
reference to FIG.4, of a prediction and compensation process 
of a multi-reference frame in the H.264/AVC method. 

0064. In an example of FIG. 4, a target frame Fn to be 
coded from now, and coded frames Fn-5,..., Fn-1 are shown. 
The frame Fn-1 is one frame before the target frame Fn in the 
time axis, the frame Fn-2 is two frames before the target frame 
Fn, and the frame Fn-3 is three frames before the target frame 
Fn. Furthermore, the frame Fn-4 is four frames before the 
target frame Fn, and the frame Fn-5 is five frames before the 
target frame Fn. In general, the closer to the target frame Fn in 
the time axis the frame is, the smaller the reference picture 
number (ref id) attached. That is, the frame Fn-1 has the 
smallest reference picture number, and the reference picture 
number decreases in the order of Fn-2, ..., Fn-5. 
0065 For the target frame Fn, a block A1 and a block A2 
are shown. The block A1 is assumed to be correlated with a 
block A1' of two before the frame Fn-2, and a motion vector 
V1 is searched for. Furthermore, a block A2 is assumed to be 
correlated with a block A1' of four before the frame Fn-4, and 
a motion vector V2 is searched for. 

0066. As described above, in the H.264/AVC method, a 
plurality of reference frames can be stored in a memory, so 
that different reference frames can be referred to in one frame 
(picture). That is, it is possible for each block to have inde 
pendent reference frame information (reference picture num 
ber (ref id)) in one picture, such as, for example, the block A1 
referring to the frame Fn-2, and the block A2 referring to the 
frame Fn-4. 

0067. Referring back to FIG.1, the A/D conversion unit 61 
performs A/D conversion on an input image, outputs the 
image to the screen rearrangement buffer 62, whereby it is 
stored. The screen rearrangement buffer 62 rearranges the 
stored images of the frames of the display order in the order of 
frames for coding in accordance with a GOP (Group of Pic 
tures). 
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0068. The computation unit 63 subtracts, from the image 
read from the screen rearrangement buffer 62, a prediction 
image from the intra-prediction unit 74, or a prediction image 
from the motion prediction and compensation unit 75, which 
is selected by the prediction image selection unit 78, and 
outputs the difference information thereof to the orthogonal 
transformation unit 64. The orthogonal transformation unit 
64 performs an orthogonal transform, such as discrete cosine 
transform or Karhunen Loeve transform, on the difference 
information from the computation unit 63, and outputs a 
transform coefficient. The quantization unit 65 quantizes the 
transform coefficient output by the orthogonal transformation 
unit 64. 
0069. The quantized transform coefficient, which is an 
output of the quantization unit 65, is input to the lossless 
coding unit 66, whereby lossless coding, such as variable 
length coding or arithmetic coding, is performed, and the 
quantized transform coefficient is compressed. 
0070 The lossless coding unit 66 obtains information on 
intra-prediction from the intra-prediction unit 74, and obtains 
information on inter-prediction and inter-template prediction 
from the motion prediction and compensation unit 75. The 
lossless coding unit 66 codes the quantized transform coeffi 
cient, and codes information on intra-prediction, information 
on the inter-prediction and inter-template process, and the 
like so as to form a part of the header information in the 
compressed image. The lossless coding unit 66 Supplies the 
coded data to the accumulation buffer 67, whereby it is stored. 
(0071. For example, in the lossless coding unit 66, a loss 
less coding process, such as variable-length coding, for 
example, CAVLC (Context-Adaptive Variable-length cod 
ing), or such as arithmetic coding, for example, CABAC 
(Context-Adaptive Binary Arithmetic Coding), which is 
stipulated in the H.264/AVC method, is performed. 
0072 The accumulation buffer 67 outputs the data Sup 
plied from the lossless coding unit 66 as a compressed image 
that is coded by the H.264/AVC method to, for example, a 
recording device (not shown) at a Subsequent stage or to a 
transmission path. 
0073. Furthermore, the quantized transform coefficient, 
which is output from the quantization unit 65, is also input to 
the dequantization unit 68, whereby the quantized transform 
coefficient is dequantized. Thereafter, furthermore, the quan 
tized transform coefficient is inversely orthogonally trans 
formed in the inverse orthogonal transformation unit 69. The 
inversely orthogonally transformed output is added to the 
prediction image Supplied from the prediction image selec 
tion unit 78 by the computation unit 70, thereby forming an 
image that is locally decoded. The deblocking filter 71 
removes the block distortion of the decoded image, and there 
after supplies the decoded image to the frame memory 72, 
whereby it is stored. An image before it is subjected to a 
deblocking filtering process by the deblocking filter 71 is also 
supplied to the frame memory 72, whereby the image is 
stored. 
0074 The switch 73 outputs the reference image stored in 
the frame memory 72 to the motion prediction and compen 
sation unit 75 or the intra-prediction unit 74. 
0075. In this image coding device 51, for example, an I 
picture, a B picture, and a Ppicture from the screen rearrange 
ment buffer 62 are Supplied as images used for intra-predic 
tion (also referred to as an intra-process) to the intra-predic 
tion unit 74. Furthermore, the B picture and the P picture that 
are read from the screen rearrangement buffer 62 are supplied 
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as images used for inter-prediction (also referred to as an 
inter-process) to the motion prediction and compensation unit 
75. 

0076. On the basis of the image used for intra-prediction, 
which is read from the screen rearrangement buffer 62, and 
the reference image supplied from the frame memory 72, the 
intra-prediction unit 74 performs an intra-prediction process 
of all the candidate intra-prediction modes so as to generate a 
prediction image. 
0077. In that case, the intra-prediction unit 74 calculates 
cost function values for all the candidate intra-prediction 
modes, and selects an intra-prediction mode in which the 
calculated cost function value gives a minimum value as the 
optimum intra-prediction mode. 
0078. The intra-prediction unit 74 supplies the prediction 
image generated in the optimum intra-prediction mode and 
the cost function value to the prediction image selection unit 
78. In a case where the prediction image generated in the 
optimum intra-prediction mode by the prediction image 
selection unit 78 is selected, the intra-prediction unit 74 Sup 
plies information on the optimum intra-prediction mode to 
the lossless coding unit 66. The lossless coding unit 66 codes 
this information so as to form a part of the header information 
in the compressed image. 
007.9 The motion prediction and compensation unit 75 
performs motion prediction and compensation processes of 
all the candidate inter-prediction modes. That is, on the basis 
of the image used for an inter-process, which is read from the 
screen rearrangement buffer 62, and the reference image Sup 
plied from the frame memory 72 through the switch 73, the 
motion prediction and compensation unit 75 detects motion 
vectors of all the candidate inter-prediction modes, performs 
motion prediction and compensation processes on the refer 
ence image on the basis of the motion vector, thereby gener 
ating a prediction image. 
0080 Furthermore, the motion prediction and compensa 
tion unit 75 supplies the image on which the inter-process is 
performed, which is read from the screen rearrangement 
buffer 62, and the reference image supplied from the frame 
memory 72 through the switch 73, to the template motion 
prediction and compensation unit 76. 
I0081. In addition, the motion prediction and compensa 
tion unit 75 calculates cost function values for all the candi 
date inter-prediction modes. The motion prediction and com 
pensation unit 75 determines, as the optimum inter-prediction 
mode, a prediction mode in which the minimum value is 
given among the calculated cost function values for the inter 
prediction modes, and the cost function value for the inter 
template process mode, which is calculated by the template 
motion prediction and compensation unit 76. 
I0082. The motion prediction and compensation unit 75 
Supplies the prediction image generated in the optimum inter 
prediction mode, and the cost function value to the prediction 
image selection unit 78. In a case where the prediction image 
generated in the optimum inter-prediction mode by the pre 
diction image selection unit 78 is selected, the motion predic 
tion and compensation unit 75 outputs information on the 
optimum inter-prediction mode and information (motion vec 
tor information, flag information, reference frame informa 
tion, and the like) appropriate for the optimum inter-predic 
tion mode to the lossless coding unit 66. The lossless coding 
unit 66 performs a lossless coding process, such as variable 
length coding or arithmetic coding, on information from the 
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motion prediction and compensation unit 75, and inserts the 
information to the header part of the compressed image. 
0083. On the basis of the image from the screen rearrange 
ment buffer 62, on which the inter-process is performed, and 
the reference image supplied from the frame memory 72, the 
template motion prediction and compensation unit 76 per 
forms a motion prediction and compensation process of the 
inter-template process mode so as to generate a prediction 
image. 
0084. In that case, with regard to the reference frame clos 
est to the target frame in the time axis among the plurality of 
reference frames described above with reference to FIG. 4, 
the template motion prediction and compensation unit 76 
performs a motion search of the inter-template process mode 
in a preset predetermined range, performs a compensation 
process, and generates a prediction image. On the other hand, 
regarding the reference frames other than the reference frame 
closest to the target frame, the template motion prediction and 
compensation unit 76 performs a motion search of the inter 
template process mode in a predetermined range in the Sur 
roundings of the search center calculated by the MRF search 
center calculation unit 77, performs a compensation process, 
and generates a prediction image. 
0085. Therefore, in a case where a motion search for the 
reference frame other than the reference frame closest to the 
target frame in the time axis from among the plurality of 
reference frames is to be performed, the template motion 
prediction and compensation unit 76 Supplies the image on 
which inter-coding is performed, the image being read from 
the screen rearrangement buffer 62, and the reference image 
supplied from the frame memory 72, to the MRF search 
centercalculation unit 77. Meanwhile, at this time, the motion 
vector information that has been found with regard to the 
reference frame in the time axis of one before the reference 
frame for the object of the search is supplied to the MRF 
search center calculation unit 77. 
I0086. Furthermore, the template motion prediction and 
compensation unit 76 determines that the prediction image 
having the minimum prediction error among the prediction 
images that have been generated with regard to the plurality of 
reference frames to be a prediction image for the target block. 
Then, the template motion prediction and compensation unit 
76 calculates a cost function value for the inter-template 
process mode regarding the determined prediction image, and 
Supplies the calculated cost function value and the prediction 
image to the motion prediction and compensation unit 75. 
0087. The MRF search center calculation unit 77 calcu 
lates the search center of the motion vector in the reference 
frame for the object of the search by using the motion vector 
information that has been found with regard to the reference 
frame in the time axis of one before the reference frame for 
the object of the search from among the plurality of reference 
frames. Specifically, the MRF search center calculation unit 
77 performs scaling of the motion vector information that has 
been found with regard to the reference frame in the time axis 
of one before the reference frame for the object of the search 
by using the distance in the time axis to the target frame to be 
coded from now, thereby calculating the motion vector search 
center in the reference frame for the object of the search. 
0088. On the basis of each cost function value output from 
the intra-prediction unit 74 or the motion prediction and com 
pensation unit 75, the prediction image selection unit 78 
determines the optimum prediction mode from among the 
optimum intra-prediction mode and the optimum inter-pre 

Jul. 7, 2011 

diction mode, selects the prediction image of the determined 
optimum prediction mode, and Supplies the prediction image 
to the computation units 63 and 70. At this time, the prediction 
image selection unit 78 supplies the selection information of 
the prediction image to the intra-prediction unit 74 or the 
motion prediction and compensation unit 75. 
I0089. On the basis of the compressed images stored in the 
accumulation buffer 67, the rate control unit 79 controls the 
rate of the quantization operation of the quantization unit 65 
so that an overflow or an underflow does not occur. 

0090 Next, a description will be given, with reference to 
the flowchart of FIG. 5, of a coding process of the image 
coding device 51 of FIG. 1. 
0091. In step S11, the A/D conversion unit 61 performs 
A/D conversion on an input image. In step S12, the Screen 
rearrangement buffer 62 stores the image Supplied from the 
A/D conversion unit 61, and performs rearrangement from 
the order in which the pictures are displayed to the order in 
which the pictures are coded. 
0092. In step S13, the computation unit 63 calculates the 
difference between the image rearranged in step S12 and the 
prediction image. The prediction image is Supplied to the 
computation unit 63 through the prediction image selection 
unit 78 from the motion prediction and compensation unit 75 
when inter-prediction is performed, and from the intra-pre 
diction unit 74 when intra-prediction is performed. 
0093. The data amount of the difference data is smaller 
than the original image data. Therefore, when compared to 
the case in which the image is directly coded, the amount of 
data can be compressed. 
0094. In step S14, the orthogonal transformation unit 64 
orthogonally transforms the difference information Supplied 
from the computation unit 63. Specifically, an orthogonal 
transform, such as a discrete cosine transform or a Karhunen 
Loeve transform, is performed, and a transform coefficient is 
output. In step S15, the quantization unit 65 quantizes the 
transform coefficient. For performing this quantization, the 
rate is controlled, as will be described in the process of step 
S25 (to be described later). 
0.095 The difference information that has been quantized 
in the manner described above is locally decoded in the fol 
lowing manner. That is, in step S16, the dequantization unit 
68 dequantizes the transform coefficient that has been quan 
tized by the quantization unit 65 in accordance with the char 
acteristics corresponding to the characteristics of the quanti 
zation unit 65. In step S17, the inverse orthogonal 
transformation unit 69 inversely orthogonally transforms the 
transform coefficient that has been dequantized by the 
dequantization unit 68 in accordance with the characteristics 
corresponding to the characteristics of the orthogonal trans 
formation unit 64. 

0096. In step S18, the computation unit 70 adds the pre 
diction image input through the prediction image selection 
unit 78 to the difference information that has been locally 
decoded, and generates an image (image corresponding to the 
input to the computation unit 63) that has been locally 
decoded. In step S19, the deblocking filter 71 performs the 
filtering of the image output from the computation unit 70. As 
a result, block distortion is removed. In step S20, the frame 
memory 72 stores the filtered image. Meanwhile, an image on 
which the filtering process has not been performed by the 
deblocking filter 71 is also supplied from the computation 
unit 70 and stored in the frame memory 72. 
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0097. In step S21, the intra-prediction unit 74, the motion 
prediction and compensation unit 75, and the template motion 
prediction and compensation unit 76 each perform a predic 
tion process for the image. That is, in step S21, the intra 
prediction unit 74 performs an intra-prediction process of the 
intra-prediction mode, and the motion prediction and com 
pensation unit 75 performs a motion prediction and compen 
sation process of the inter-prediction mode. Furthermore, the 
template motion prediction and compensation unit 76 per 
forms a motion prediction and compensation process of the 
inter-template process mode. 
0098. The details of the prediction process in step S21 will 
be described later with reference to FIG. 6. As a result of this 
process, the prediction processes in all the candidate predic 
tion modes are performed, and the cost function values in all 
the candidate prediction modes are calculated. Then, on the 
basis of the calculated cost function value, the optimum intra 
prediction mode is selected, and the prediction image that is 
generated by intra-prediction of the optimum intra-prediction 
mode and the cost function value thereof are supplied to the 
prediction image selection unit 78. Furthermore, on the basis 
of the calculated cost function value, the optimum inter 
prediction mode is determined from among the inter-predic 
tion mode and the inter-template process mode, and the pre 
diction image generated in the optimum inter-prediction 
mode and the cost function value thereof are supplied to the 
prediction image selection unit 78. 
0099. In step S22, on the basis of the cost function values 
output from the intra-prediction unit 74 and the motion pre 
diction and compensation unit 75, the prediction image selec 
tion unit 78 determines one of the optimum intra-prediction 
mode and the optimum inter-prediction mode to be the opti 
mum prediction mode. Then, the prediction image selection 
unit 78 selects the prediction image of the determined opti 
mum prediction mode, and Supplies the prediction image to 
the computation units 63 and 70. This prediction image is 
used for the arithmetic operation of steps S13 and S18 in the 
manner described above. 

0100 Meanwhile, the selection information of this predic 
tion image is Supplied to the intra-prediction unit 74 or the 
motion prediction and compensation unit 75. In a case where 
the prediction image of the optimum intra-prediction mode is 
selected, the intra-prediction unit 74 supplies information 
(that is, intra-prediction mode information) on the optimum 
intra-prediction mode to the lossless coding unit 66. 
0101. In a case where the prediction image of the optimum 
inter-prediction mode is selected, the motion prediction and 
compensation unit 75 outputs information on the optimum 
inter-prediction mode, and information (motion vector infor 
mation, flag information, reference frame information, and 
the like) appropriate for the optimum inter-prediction mode to 
the lossless coding unit 66. 
Furthermore, specifically, when the prediction image based 
on the inter-prediction mode has been selected as the opti 
mum inter-prediction mode, the motion prediction and com 
pensation unit 75 outputs the inter-prediction mode informa 
tion, the motion vector information, and the reference frame 
information to the lossless coding unit 66. 
0102 On the other hand, when the prediction image based 
on the inter-template process mode has been selected as the 
optimum inter-prediction mode, the motion prediction and 
compensation unit 75 outputs only the inter-template process 
mode information to the lossless coding unit 66. That is, since 
the motion vector information, and the like do not need to be 
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sent to the decoding side, these are not output to the lossless 
coding unit 66. Therefore, it is possible to reduce the motion 
vector information in the compressed image. 
0103) In step S23, the lossless coding unit 66 codes the 
transform coefficient that has been output and quantized by 
the quantization unit 65. That is, the difference image is 
Subjected to lossless coding. Such as variable-length coding 
or arithmetic coding, and is compressed. At this time, the 
intra-prediction mode information from the intra-prediction 
unit 74, which has been input to the lossless coding unit 66 in 
step S22 above, information (prediction mode information, 
motion vector information, reference frame information, and 
the like) appropriate for the optimum inter-prediction mode 
from the motion prediction and compensation unit 75, and the 
like are coded and attached to the header information. 
0104. In step S24, the accumulation buffer 67 accumulates 
the difference image as a compressed image. The compressed 
image accumulated in the accumulation buffer 67 is read as 
appropriate, and is transmitted to the decoding side through 
the transmission path. 
0105. In step S25, on the basis of the compressed image 
stored in the accumulation buffer 67, the rate control unit 79 
controls the rate of the quantization operation of the quanti 
zation unit 65 so that an overflow or an underflow does not 
OCCU. 

0106 Next, a description will be given, with reference to 
the flowchart of FIG. 6, of a prediction process in step S21 of 
FIG.S. 

0107. In a case where the image to be processed, which is 
Supplied from the screen rearrangement buffer 62, is an image 
of a block on which the intra-process is performed, decoded 
images that are referred to are read from the frame memory 72 
and is supplied to the intra-prediction unit 74 through the 
switch 73. In step S31, on the basis of these images, the 
intra-prediction unit 74 performs intra-prediction on the pix 
els of the block to be processed in all the candidate intra 
prediction modes. Meanwhile, as decoded pixels that are 
referred to, pixels that have not been deblock-filtered by the 
deblocking filter 71 are used. 
0108. The details of the intra-prediction process in step 
S31 will be described later with reference to FIG. 7. As a 
result of this process, intra-prediction is performed in all the 
candidate intra-prediction modes, and cost function values 
are calculated for all the candidate intra-prediction modes. 
Then, on the basis of the calculated cost function value, the 
optimum intra-prediction mode is selected, and the prediction 
image generated by the intra-prediction of the optimum intra 
prediction mode and the cost function value thereof are Sup 
plied to the prediction image selection unit 78. 
0109. In a case where the image to be processed, which is 
Supplied from the screen rearrangement buffer 62, is an image 
on which the inter-process is performed, images that are 
referred to are read from the frame memory 72 and are sup 
plied to the motion prediction and compensation unit 75 
through the switch 73. In step S32, on the basis of these 
images, the motion prediction and compensation unit 75 per 
forms an inter-motion prediction process. That is, the motion 
prediction and compensation unit 75 performs a motion pre 
diction process of all the candidate inter-prediction modes by 
referring to the image supplied from the frame memory 72. 
0110. The details of the inter-motion prediction process in 
step S32 will be described later with reference to FIG. 10. 
This process enables a motion prediction process to be per 
formed in all the candidate inter-prediction modes and 
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enables a cost function value to be calculated for all the 
candidate inter-prediction modes. 
0111. Furthermore, in a case where the image to be pro 
cessed, which is Supplied from the screen rearrangement 
buffer 62, is an image on which the inter-process is per 
formed, images to which a reference are made is read from the 
frame memory 72 and are also supplied to the template 
motion prediction and compensation unit 76 through the 
switch 73 and the motion prediction and compensation unit 
75. On the basis of these images, in step S33, the template 
motion prediction and compensation unit 76 performs an 
inter-template motion prediction process. 
0112 The details of the inter-template motion prediction 
process in step S33 will be described later with reference to 
FIG. 12. This process enables a motion prediction process to 
be performed in the inter-template process mode and a cost 
function value to be calculated for the inter-template process 
mode. Then, the prediction image generated by the motion 
prediction process of the inter-template process mode and the 
cost function value thereofare Supplied to the motion predic 
tion and compensation unit 75. Meanwhile, in a case where 
there is information (for example, prediction mode informa 
tion and the like) appropriate for the inter-template process 
mode, the information is also supplied to the motion predic 
tion and compensation unit 75. 
0113. In step S34, the motion prediction and compensa 
tion unit 75 compares the cost function value for the inter 
prediction mode, which is calculated in step S32, with the cost 
function value for the inter-template process mode, which is 
calculated in step S33, and determines the prediction mode in 
which the minimum value is given as the optimum inter 
prediction mode. Then, the motion prediction and compen 
sation unit 75 Supplies the prediction image that is generated 
in the optimum inter-prediction mode and the cost function 
value thereof to the prediction image selection unit 78. 
0114. Next, a description will be given, with reference to 
the flowchart of FIG. 7, of an intra-prediction process in step 
S31 of FIG. 6. Meanwhile, in the example of FIG. 7, a 
description will be given by using the case of a luminance 
signal as an example. 
0115. In step S41, the intra-prediction unit 74 performs 
intra-prediction on each intra-prediction mode of 4x4 pixels, 
8x8 pixels, and 16x16 pixels. 
0116. The intra-prediction modes for a luminance signal 
include nine types of prediction modes in units of blocks of 
4x4 pixels and 8x8 pixels, and four types of prediction modes 
in units of macroblocks of 16x16 pixels, and the intra-predic 
tion mode for a color-difference signal includes four types of 
prediction modes in units of 8x8 pixels. The intra-prediction 
mode for a color-difference signal can be set independently of 
the intra-prediction mode for a luminance signal. Regarding 
the intra-prediction mode of 4x4 pixels and 8x8 pixels for a 
luminance signal, one intra-prediction mode is defined for 
each block of the luminance signals of 4x4 pixels and 8x8 
pixels. Regarding the intra-prediction mode of 16x16 pixels 
for a luminance signal and the intra-prediction mode for a 
color-difference signal, one prediction mode is defined with 
respect to one macroblock. 
0117 The types of prediction mode correspond to the 
directions indicated by numbers 0,1, and 3 to 8 of FIG.8. The 
prediction mode 2 is an average value prediction. 
0118 For example, the case of the intra 4x4 prediction 
mode will be described with reference to FIG. 9. In a case 
where an image (for example, pixels a to p) to be processed, 
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which is read from the screen rearrangement buffer 62, is an 
image of a block on which the intra-process is performed, 
decoded images (pixels A to M) that are referred to are read 
from the frame memory 72, and are supplied to the intra 
prediction unit 74 through the switch 73. 
0119. On the basis of these images, the intra-prediction 
unit 74 performs intra-prediction on pixels of a block to be 
processed. As a result of this intra-prediction process being 
performed in each intra-prediction mode, a prediction image 
in each intra-prediction mode is generated. Meanwhile, as 
decoded pixels (pixels A to M) that is referred to, pixels that 
have not been deblock-filtered by the deblocking filter 71 are 
used. 
I0120 In step S42, the intra-prediction unit 74 calculates a 
cost function value for each of the intra-prediction modes of 
4x4 pixels, 8x8 pixels, and 16x16 pixels. Here, the cost 
function value is calculated on the basis of one of a high 
complexity mode and a low complexity mode, as specified in 
a JM (Joint Model), which is reference software in the H.264/ 
AVC method. 
I0121 That is, in the high complexity mode, as the process 
of step S41, up to the coding process is tentatively performed 
in all the candidate prediction modes, the cost function value 
represented in the following Equation (5) is calculated in each 
prediction mode, and the prediction mode in which the mini 
mum value thereof is given is selected as the optimum pre 
diction mode. 

Cost(Mode)=D+R (5) 

0.122 D is the difference (distortion) between the original 
image and the decoded image, R is the amount of generated 
code containing up to the orthogonal transform coefficient, 
and W is a Lagrange multiplier that is given as a function for a 
quantization parameter QP. 
I0123. On the other hand, in the low complexity mode, as 
the process of step S41, with regard to all the candidate 
prediction modes, a prediction image is generated, and up to 
the header bit. Such as motion vector information, prediction 
mode information, flag information, and the like, are calcu 
lated, the cost function value represented in the following 
Equation (6) is calculated for each prediction mode, and the 
prediction mode in which the minimum value thereof is given 
is selected by determining the prediction mode to be the 
optimum prediction mode. 

Cost(Mode)=D+QPtoQuant(QP)-Header Bit (6) 

0.124 D is the difference (distortion) between the original 
image and the decoded image, Header Bit is the header bit 
for the prediction mode, and QPtoOuant is the function given 
as the function of the quantization parameter QP. 
0.125. In the low complexity mode, prediction images are 
only generated for all the prediction modes, and a coding 
process and a decoding process do not need to be performed. 
Consequently, the number of computations is Small. 
I0126. In step S43, the intra-prediction unit 74 determines 
an optimum mode for each of the intra-prediction modes of 
4x4 pixels, 8x8 pixels, and 16x16 pixels. That is, as described 
above with reference to FIG. 8, in the case of the intra 4x4 
prediction mode and the intra 8x8 prediction mode, the num 
ber of types of prediction mode is nine, and in the case of the 
intra 16x16 prediction mode, the number of types of predic 
tion mode is four. Therefore, on the basis of the cost function 
value calculated in step S42, the intra-prediction unit 74 
determines, the optimum intra 4x4 prediction mode, the opti 
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mum intra 8x8 prediction mode, and the optimum intra 16x16 
prediction mode from among the prediction modes. 
0127. In step S44, the intra-prediction unit 74 selects the 
optimum intra-prediction mode on the basis of the cost func 
tion value calculated in step S42 from among the optimum 
modes that are determined for the intra-prediction modes of 
4x4 pixels, 8x8 pixels, and 16x16 pixels. That is, the mode in 
which the cost function value is the minimum value is 
selected as the optimum intra-prediction mode from among 
the optimum modes that are determined for 4x4 pixels, 8x8 
pixels, and 16x16 pixels. Then, the intra-prediction unit 74 
Supplies the prediction image generated in the optimum intra 
prediction mode and the cost function value thereof to the 
prediction image selection unit 78. 
0128. Next, a description will be given, with reference to 
the flowchart of FIG. 10, of an inter-motion prediction pro 
cess of step S32 of FIG. 6. 
0129. In step S51, the motion prediction and compensa 
tion unit 75 determines a motion vector and a reference image 
for each of the eight types of inter-prediction modes com 
posed of 16x16 pixels to 4x4 pixels described above with 
reference to FIG. 2. That is, the motion vector and the refer 
ence image are each determined with regard to a block to be 
processed in each inter-prediction mode. 
0130. In step S52, the motion prediction and compensa 
tion unit 75 performs a motion prediction and compensation 
process on the reference image on the basis of the motion 
vector determined in step S51 with regard to each of the eight 
types of inter-prediction modes composed of 16x16 pixels to 
4x4 pixels. This motion prediction and compensation process 
enables a prediction image in each inter-prediction mode to 
be generated. 
0131. In step S53, the motion prediction and compensa 
tion unit 75 generates motion vector information to be 
attached to the compressed image with regard to the motion 
vector determined in each of eight types of inter-prediction 
modes composed of 16x16 pixels to 4x4 pixels. 
0132 Here, a description will be given, with reference to 
FIG. 11, of a method of generating motion vector information 
in accordance with the H.264/AVC method. In an example of 
FIG. 11, a target block E (for example, 16x16 pixels) to be 
coded from now, and blocks A to D that have already been 
coded and that are adjacent to the target block E are shown. 
0133. That is, the block D is adjacent to the upper left area 
of the target block E, the block B is adjacent to the upper area 
of the target block E, the block C is adjacent to the upper right 
area of the target block E, and the block A is adjacent to the 
left area of the target block E. Meanwhile, the fact that the 
blocks A to D are not divided indicates that each block is a 
block having one of the configurations of 16x16 pixels to 4x4 
pixels described above with reference to FIG. 2. 
0134) For example, motion vector information for X (=A, 
B, C, D, E) is represented as mV. First, prediction motion 
vector information pnV for the target block E is generated as 
in the following Equation (7) by median prediction by using 
the motion vector information regarding the blocks A, B, and 
C. 

pmVE-med(mV a.mVB.mVC) (7) 

0135. In a case where the motion vector information 
regarding the block C cannot be used (unavailable) due to 
reasons, such as being an end of a screen frame or being not 
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yet coded, the motion vector information regarding the block 
C is substituted by the motion vector information regarding 
the block D. 
I0136 Data mvd. that is attached to the header part of the 
compressed image as the motion vector information for the 
target block E is generated as in the following Equation (8) by 
using pmV. 

mvd mV-pmv, (8) 

0.137 Meanwhile, in practice, processing is performed on 
the components in each of the horizontal direction and the 
vertical direction of the motion vector information indepen 
dently of each other. 
0.138. As described above, by generating the prediction 
motion vector information and by attaching the difference 
between the prediction motion vector information and the 
motion vector information, which is generated in accordance 
with the correlation with the adjacent block, to the headerpart 
of the compressed image, the motion vector information can 
be reduced. 
0.139. The motion vector information generated in the 
manner described above is also used to calculate the cost 
function value in the subsequent step S54. In a case where the 
corresponding prediction image is finally selected by the 
prediction image selection unit 78, the prediction image, 
together with the prediction mode information and the refer 
ence frame information, is output to the lossless coding unit 
66. 

0140. Referring back to FIG. 10, in step S54, the motion 
prediction and compensation unit 75 calculates a cost func 
tion value represented by Equation (5) or Equation (6) 
described above with respect to each of the eight types of 
inter-prediction modes composed of 16x16 pixels to 4x4 
pixels. The cost function value calculated here is used when 
the optimum inter-prediction mode is determined in step S34 
described above in FIG. 6. 
0141 Next, a description will be given, with reference to 
the flowchart of FIG. 12, of an inter-template motion predic 
tion process of step S33 of FIG. 6. 
0142. In step S71, the template motion prediction and 
compensation unit 76 performs a motion prediction and com 
pensation process of the inter-template process mode with 
regard to the reference frame whose distance in the time axis 
to the target frame is closest. That is, the template motion 
prediction and compensation unit 76 searches for a motion 
vector in accordance with the inter-template matching 
method with regard to the reference frame whose distance in 
the time axis to the target frame is closest. Then, the template 
motion prediction and compensation unit 76 performs a 
motion prediction and compensation process on the reference 
image on the basis of the found motion vector, and generates 
a prediction image. 
0143. The inter-template matching method will be specifi 
cally described with reference to FIG. 13. 
0144. In an example of FIG. 13, a target frame for the 
object of coding and a reference frame that is referred to when 
a motion vector is searched for are shown. In the target frame, 
a target block A to be coded from now, and a template area B 
that is adjacent to the target block A and that is composed of 
coded pixels are shown. That is, when a coding process is 
performed in the raster scan order, as shown in FIG. 13, the 
template area B is an area positioned on the left and upper side 
of the target block A, and is an area in which a decoded image 
is stored in the frame memory 72. 
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0145 The template motion prediction and compensation 
unit 76 performs a template matching process by using, for 
example, an SAD (Sum of Absolute Difference) as a cost 
function, in a predetermined search range E in the reference 
frame, and searches for an area B' in which a correlation with 
the pixel value of the template area B is highest. Then, the 
template motion prediction and compensation unit 76 
searches for a motion vector P for the target block Aby using 
the block A" corresponding to the found area B'as a prediction 
image for the target block A. 
0146. As described above, for the motion vector search 
process based on the inter-template matching method, a 
decoded image is used for a template matching process. 
Therefore, by determining in advance the predetermined 
search range E, the same process can be performed in the 
image coding device 51 of FIG. 1 and an image decoding 
device 101 of FIG. 18 to be described later. That is, also in the 
image decoding device 101, by configuring a template motion 
prediction and compensation unit 123, it is not necessary to 
send the information on the motion vector P for the target 
block A to the image decoding device 101. Thus, the motion 
vector information in the compressed image can be reduced. 
0147 Meanwhile, the sizes of the block and the template 
in the inter-template process mode are arbitrary. That is, simi 
larly to the motion prediction and compensation unit 75, the 
process can be performed by fixing one block size from 
among the eight types of the block sizes composed of 16x16 
pixels to 4x4 pixels described above with reference to FIG. 2, 
and can be performed by assuming all the block sizes as 
candidates. The template size may be variable in accordance 
with the block size, and may be fixed. 
0148. Here, in the H.264/AVC method, in the manner 
described above with reference to FIG. 4, a plurality of ref 
erence frames can be stored in a memory. In each block of one 
target frame, a reference can be made to different reference 
frames. However, performance of motion prediction in accor 
dance with the inter-template matching method with regard to 
all the reference frames that are candidates of multi-reference 
frames will increase an increase in the number of computa 
tions. 

0149 Accordingly, in a case where a motion search for a 
reference frame other than the reference frame that is closest 
to the target frame in the time axis among the plurality of 
reference frames is to be performed, in step S72, the template 
motion prediction and compensation unit 76 causes the MRF 
search center calculation unit 77 to calculate the search center 
of the reference frame. Then, in step S73, the template motion 
prediction and compensation unit 76 performs a motion 
searchina predetermined range composed of several pixels in 
the surroundings of the search center calculated by the MRF 
search center calculation unit 77, performs a compensation 
process, and generates a prediction image. 
0150. A description will be described in detail, with ref 
erence to FIG. 14, of processes of steps S71 to S73 above. In 
an example of FIG. 14, the time axis t indicates the elapsed 
time. Starting in sequence from the left, a reference frame of 
the reference picture number ref id=N-1, a reference frame 
of the reference picture number ref id=1, a reference frame of 
the reference picture number ref id=0, and a target frame to 
be coded from now are shown. That is, the reference frame of 
the reference picture number ref id=0 is a reference frame 
whose distance in the time axis t to the target frame is closest 
from among the plurality of reference frames. In comparison, 
the reference frame of the reference picture number ref 
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id=N-1 is a reference frame whose distance in the time axis t 
to the target frame is farthest from among the plurality of 
reference frames. 
0151. In step S71, the template motion prediction and 
compensation unit 76 performs a motion prediction and com 
pensation process of the inter-template process mode 
between the target frame and the reference frame of the ref 
erence picture number ref id=0, whose distance in the time 
axis to the target frame is closest. 
0152 First, this process of step S71 enables an area Bo 
having the highest correlation with the pixel value of the 
template area B that is adjacent to the target block A in the 
target frame and that is composed of already coded pixels to 
be searched for in a predetermined search range of the refer 
ence frame of the reference picture number ref id=0. As a 
result, a search is made for a motion vector timmvo for the 
target block Aby using a blockAo corresponding to the found 
area Bo as a prediction image for the target block A. 
0153. Next, in step S72, the MRF search centercalculation 
unit 77 calculates the motion search center in the reference 
frame of the reference picture number ref id=1, whose dis 
tance in the time axis is next close to the target frame, by using 
the found motion vector timmvo in step S71. 
0154) This process of step S72 enables the search center 
mv. that forms Equation (9) to be obtained by considering a 
distance to in the time axist between the target frame and the 
reference frame of the reference picture number ref id=0, and 
a distance t in the time axis thetween the target frame and the 
reference frame of the reference picture number ref id=1. 
That is, as indicated using a dotted line in FIG. 14, the search 
center my, is such that a motion vectortmmvo obtained in the 
reference frame that is one frame before in the time axis is 
scaled in accordance with a distance in the time axis with 
respect to the reference frame of the reference picture number 
ref id=1. Meanwhile, in practice, this search center my, is 
rounded off to integer pixel accuracy and is used. 

Math. 6 
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0155 Meanwhile, Equation (9) needs division. However, 
in practice, by approximating t/to in the form of N/2 by 
setting M and N as integers, the division can be realized by a 
shift operation including round off to the nearest whole num 
ber. 
0156 Furthermore, in the H.264/AVC method, since 
information corresponding to the distances to and t in the 
time axist with respect to the target frame does not exist in the 
compressed image, a POC (Picture Order Count), which is 
information indicating the output order of pictures, is used. 
0157. Then, in step S73, the template motion prediction 
and compensation unit 76 performs a motion search in a 
predetermined range E in the Surroundings of the search 
center mv in the reference frame of the reference picture 
number ref id=1 obtained in Equation (9), performs a com 
pensation process, and generates a prediction image. 
0158. As a result of this process of step S73, in the prede 
termined range E in the Surroundings of the search center 
mv in the reference frame of the reference picture number 
ref id=1, a search is made for an area B that is adjacent to the 
target block A in the target frame and that has the highest 
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correlation with the pixel value of the template area B com 
posed of coded pixels. As a result, a search is made for a 
motion vectortmmV for the target block Aby using the block 
A corresponding to the found area B as a prediction image 
for the target block A. 
0159. As described above, the range in which the motion 
vector is searched for is limited to a predetermined range in 
which the search center, at which scaling is performed on the 
motion vector that has been obtained in the reference frame 
that is one frame before in the time axis, by using the distance 
in the time axis to the target frame with respect to the next 
reference frame, is at the center. As a result, in the reference 
frame of the reference picture number ref id=1, the reduction 
in the number of computations can be realized while mini 
mizing a decrease in the coding efficiency. 
0160 Next, in step S74, the template motion prediction 
and compensation unit 76 determines whether or not process 
ing for all the reference frames has been completed. When it 
is determined in step S74 that the processing has not yet been 
completed, the process returns to step S72, and processing at 
and subsequent to step S72 is repeated. 
0161 That is, this time, in step S72, by using the motion 
vectortmmv searched for in the previous step S73, the MRF 
search center calculation unit 77 calculates the motion search 
center in the reference frame of the reference picture number 
ref id=2, whose distance in the time axis to the target frame 
is close, which is next close to the reference picture number 
ref id=1, which is close to the target frame. 
0162. As a result of this process of step S72, a search 
center mv that forms Equation (10) is obtained by consider 
ing a distancet in the time axist between the target frame and 
the reference frame of the reference picture number ref id=1 
and a distancet in the time axist between the target frame and 
the reference frame of the reference picture number ref id=2. 

Math. 7 

i2 (10) 
in v = t immy 

0163 Then, in step S73, the template motion prediction 
and compensation unit 76 performs a motion search in a 
predetermined range E in the Surroundings of the search 
center mV. obtained in Equation (10), performs a compensa 
tion process, and generates a prediction image. 
0164. These processes are repeated in sequence in the end 
up to the last reference frame, which is reference picture 
number ref id=N-1, that is, until it is determined in step S74 
that the processes for all the reference frames have been 
completed. As a result, the motion vector trmmvo of the refer 
ence frame of the reference picture number ref id=0 to the 
motion vector timmv of the reference frame of the refer 
ence picture number ref id=N-1 are obtained. 
0.165 Meanwhile, if Equation (9) and Equation (10) are 
represented by an arbitrary integer k (0<k<N), these yield 
equation (11). That is, if, by using the motion vector timmV. 
obtained in the reference frame of the reference picture num 
ber ref id=k-1, the distance between the target frame and the 
reference frame of the reference picture number ref id=k-1 
and the distance between the target frame and the reference 
frame of the reference picture number ref id=k in the time 
axis tare denoted as t and t, respectively, the search center 
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of the reference frame of the reference picture number ref 
id=k is represented by Equation (11). 

Math. 8 
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0166 When it is determined in step S74 that the process 
ing for all the reference frames has been completed, the 
process proceeds to step S75. In step S75, the template motion 
prediction and compensation unit 76 determines the predic 
tion image of the inter-template mode for the target block 
from among the prediction images for all the reference frames 
obtained in the process of step S71 or S73. 
0.167 That is, the prediction image in which the prediction 
error obtained by using an SAD (Sum of Absolute Difference) 
or the like is Smallest from among the prediction images for 
all the reference frames is determined to be the prediction 
image for the target block. 
0.168. In step S75, the template motion prediction and 
compensation unit 76 calculates a cost function value repre 
sented by Equation (5) or Equation (6) described above with 
respect to the inter-template process mode. The cost function 
value calculated here, together with the determined predic 
tion image, is Supplied to the motion prediction and compen 
sation unit 75, and is used to determine the optimum inter 
prediction mode in step S34 of FIG. 6 above. 
0169. As in the foregoing, in the image coding device 51, 
when a motion prediction and compensation process in the 
inter-template process mode of the multi-reference frame is to 
be performed, by using the motion vector information of one 
before the reference frame in the time axis, the search center 
in the reference frame is obtained, and a motion search is 
performed by using the search center. As a result, the reduc 
tion in the number of computations can be realized while 
minimizing a decrease in the coding efficiency. 
0170 Furthermore, these processes are performed not 
only by the image coding device 51, but also by the image 
decoding device 101 of FIG. 18. Therefore, in the target block 
of the inter-template process mode, not only the motion vec 
tor information but also the reference frame information does 
not need to be sent. Thus, the coding efficiency can be 
improved while minimizing. 
0171 Meanwhile, in the H.264/AVC method, assignment 
of the reference picture number ref id is performed by 
default. The replacement of the reference picture number 
ref id can also be performed by a user. 
0172 FIG. 15 illustrates the default assignment of refer 
ence picture numbers ref id in the H.264/AVC method. FIG. 
16 illustrates an example of the assignment of reference pic 
ture numbers ref id replaced by the user. FIGS. 15 and 16 
show a state in which time progresses from left to right. 
(0173. In the default example of FIG. 15, the reference 
picture number ref id is assigned in the order, with respect to 
time, of the closeness of the reference picture to the target 
picture to be coded from now. 
0.174 That is, the reference picture number ref id=0 is 
assigned to the reference picture immediately before (with 
respect to time) the target picture, and the reference picture 
number ref id=1 is assigned to the reference picture two 
pictures before the target picture. The reference picture num 
ber ref id=2 has been assigned to the reference picture of 
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three before the target picture, and the reference picture num 
ber ref id=3 has been assigned to the reference picture of four 
before the target picture. 
(0175. On the other hand, in an example of FIG. 16, the 
reference picture number ref id=0 has been assigned to the 
reference picture of two before the target picture, and the 
reference picture number ref id=1 has been assigned to the 
reference picture of three before the target picture. Further 
more, the reference picture number ref id=2 has been 
assigned to the reference picture of one before the target 
picture, and the reference picture number ref id=3 has been 
assigned to the reference picture of four before the target 
picture. 
0176 When an image is to be coded, the case in which a 
Smaller reference picture number ref id is assigned to the 
picture that is referred to more often makes it possible to 
decrease the amount of code of the compressed image. There 
fore, usually, as in a default of FIG. 15, by assigning the 
reference picture number ref id in the order of the reference 
picture that, with respect to time, is closest to the target 
picture to be coded from now, it is possible to reduce the 
amount of code required for the reference picture number 
ref id. 
0177. However, in a case where, for example, the predic 
tion efficiency using the immediately previous picture is 
extremely low for the reason of flash, by assigning the refer 
ence picture number ref id as in the example of FIG. 16, it is 
possible to reduce the amount of code. 
(0178. In the case of the example of FIG. 15, the motion 
prediction and compensation process in the inter-template 
process mode described above with reference to FIG. 14 is 
performed in the order of the reference frame whose distance 
in the time axis is close to the target frame, that is, in the 
ascending order of the reference picture number ref id. On 
the other hand, in the case of the example of FIG.16, although 
the reference frame is not in the order of the reference frame 
whose distance in the time axis is close to the target frame, the 
motion prediction and compensation process is performed in 
the ascending order of the reference picture number ref id. 
That is, in a case where the reference picture number ref id 
exists, the motion prediction and compensation process in the 
inter-template process mode of FIG. 14 is performed in the 
ascending order of the reference picture number ref id. 
(0179 Meanwhile, in the examples of FIGS. 15 and 16, an 
example of forward prediction is shown. Since the same also 
applies to backward prediction, the illustration and the 
description thereofare omitted. Furthermore, the information 
for identifying the reference frame is not limited to the refer 
ence picture number ref id. However, in the case of a com 
pressed image in which a parameter corresponding to the 
reference picture number ref id does not exist, the reference 
frame is processed in the order of the closeness in the time 
axis from the target picture for both the forward prediction 
and the backward prediction. 
0180. Furthermore, in the H.264/AVC method, a short 
term reference picture and a long term reference picture are 
defined. For example, in a case where a TV (television) con 
ference is considered as a specific application, regarding a 
background image, a long term reference picture is stored in 
a memory, and this can be referred to until the decoding 
process is completed. On the other hand, regarding the motion 
of a person, the short term reference picture is used in Such a 
manner that, as the decoding process progresses, the short 
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term reference picture that is stored in the memory and is 
discarded is referred to on a FIFO (First In First Out) basis. 
0181. In this case, the motion prediction and compensa 
tion process in the inter-template process mode described 
above with reference to FIG. 14 is applied to only the short 
term reference picture. On the other hand, in the long term 
reference picture, the motion prediction and compensation 
process in the ordinary inter-template process mode, which is 
similar to the process of step S71 of FIG. 12, is performed. 
That is, in the case of a long term reference picture, an inter 
template motion prediction process is performed in a prede 
termined search range that is preset in the reference frame. 
0182. In addition, the motion prediction and compensa 
tion process in the inter-template process mode described 
above with reference to FIG. 14 is also applied to multi 
hypothesis motion compensation. A description will be given, 
with reference to FIG. 17, of multi-hypothesis motion com 
pensation. 
0183 In an example of FIG. 17, a target frame Fn to be 
coded from now, and coded frames Fn-5. ... Fn-1 are shown. 
The frame Fn-1 is one frame before the target frame Fn, the 
frame Fn-2 is two frames before the target frame Fn, and the 
frame Fn-3 is three frames before the target frame Fn. Fur 
thermore, the frame Fn-4 is four frames before the target 
frame Fn, and the frame Fn-5 is five frames before the target 
frame Fn. 

0.184 For the target frame Fn, a block An is shown. The 
block An is assumed to be correlated with the block An-1 of 
the frame Fn-1 one before, and a motion vector Vn-1 is 
searched for. The block An is assumed to be correlated with 
the block An-2 of the frame Fn-2 two before, and a motion 
vector Vn-2 is searched for. The block An is assumed to be 
correlated with the block An-3 of the frame Fn-3 three before, 
and a motion vector Vn-3 is searched for. 

0185. That is, in the H.264/AVC method, it is defined that 
a prediction image is generated by using only one reference 
frame in the case of a Pslice and by using only two reference 
frames in the case of a B slice. In comparison, in multi 
hypothesis motion compensation, if Pred is a prediction 
image, and Refid) is a reference image in which the ID of a 
reference frame is id also with respect to N such that N>3, it 
is possible to generate a prediction image as in Equation (12). 

Math. 9 
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0186. In a case where the motion prediction and compen 
sation process in the inter-template process mode described 
above with reference to FIG. 14 is applied to multi-hypothesis 
motion compensation, a prediction image is generated in 
accordance with Equation (12) by using the prediction 
images of the reference frames obtained as in steps S71 to S73 
of FIG. 12. 
0187. Therefore, in ordinary multi-hypothesis motion 
compensation, it has been necessary to code the motion vec 
tor information for all the reference frames in the compressed 
image and send the motion vector information to the decoding 
side. However, in the case of a motion prediction and com 
pensation process in the inter-template process mode, there is 
no need for that. Thus, the coding efficiency can be improved. 
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0188 The coded compressed image is transmitted through 
a predetermined transmission path, and is decoded by an 
image decoding device. FIG. 18 illustrates the configuration 
of an embodiment of Such an image decoding device. 
0189 The image decoding device 101 includes an accu 
mulation buffer 111, a lossless decoding unit 112, a dequan 
tization unit 113, an inverse orthogonal transformation unit 
114, a computation unit 115, a deblocking filter 116, a screen 
rearrangement buffer 117, a D/A conversion unit 118, a frame 
memory 119, a switch 120, an intra-prediction unit 121, a 
motion prediction and compensation unit 122, a template 
motion prediction and compensation unit 123, an MRF search 
center calculation unit 124, and a switch 125. 
0190. The accumulation buffer 111 stores a received com 
pressed image. The lossless decoding unit 112 decodes the 
information that is coded by the lossless coding unit 66 of 
FIG. 1, which is supplied from the accumulation buffer 111, 
in accordance with a method corresponding to the coding 
method of the lossless coding unit 66. The dequantization unit 
113 dequantizes an image that is decoded by the lossless 
decoding unit 112 in accordance with a method correspond 
ing to the quantization method of the quantization unit 65 of 
FIG. 1. The inverse orthogonal transformation unit 114 
inversely orthogonally transforms the output of the dequan 
tization unit 113 in accordance with a method corresponding 
to the orthogonal transform method of the orthogonal trans 
formation unit 64 of FIG. 1. 
0191 The inversely orthogonally transformed output is 
added to a prediction image supplied from the switch 125 and 
decoded by the computation unit 115. The deblocking filter 
116 removes block distortion of the decoded image, and 
thereafter Supplies the decoded image to the frame memory 
119, whereby it is stored, and is also output to the screen 
rearrangement buffer 117. 
0.192 The screen rearrangement buffer 117 performs the 
rearrangement of images. That is, the order of the frames that 
are rearranged for the coding order by the screen rearrange 
ment buffer 62 of FIG. 1 is rearranged in the order of the 
original display. The D/A conversion unit 118 performs D/A 
conversion on the image Supplied from the screen rearrange 
ment buffer 117, and outputs the image to a display (not 
shown), whereby it is displayed. 
0193 The switch 120 reads an image to be inter-processed 
and an image that is referred to from the frame memory 119, 
and outputs the images to the motion prediction and compen 
sation unit 122. The switch 120 also reads the image used for 
intra-prediction from the frame memory 119, and supplies the 
image to the intra-prediction unit 121. 
0194 Information on the intra-prediction mode, which is 
obtained by decoding the header information, is Supplied 
from the lossless decoding unit 112 to the intra-prediction 
unit 121. The intra-prediction unit 121 generates a prediction 
image on the basis of this information, and outputs the gen 
erated prediction image to the switch 125. 
0.195 The information (prediction mode information, 
motion vector information, and reference frame information) 
obtained by decoding the header information is supplied from 
the lossless decoding unit 112 to the motion prediction and 
compensation unit 122. In a case where information indicat 
ing the inter-prediction mode is Supplied, the motion predic 
tion and compensation unit 122 performs a motion prediction 
and compensation process on the image on the basis of the 
motion vector information and the reference frame informa 
tion, and generates a prediction image. In a case where infor 
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mation indicating the inter-template prediction mode is Sup 
plied, the motion prediction and compensation unit 122 
Supplies the image to be inter-processed and the image that is 
referred to, which are read from the frame memory 119, to the 
template motion prediction and compensation unit 123, 
whereby a motion prediction and compensation process in the 
inter-template process mode is performed. 
0196. Furthermore, the motion prediction and compensa 
tion unit 122 outputs either the prediction image generated in 
the inter-prediction mode or the prediction image generated 
in the inter-template process mode to the switch 125 in accor 
dance with the prediction mode information. 
0.197 On the basis of the image to be inter-processed and 
the image that is referred to, which are read from the frame 
memory 119, the template motion prediction and compensa 
tion unit 123 performs a motion prediction and compensation 
process of the inter-template process mode, and generates a 
prediction image. Meanwhile, the motion prediction and 
compensation process is basically the same process as the 
process of the template motion prediction and compensation 
unit 76 of the image coding device 51. 
0198 That is, the template motion prediction and compen 
sation unit 123 performs a motion search of the inter-template 
process mode in a preset predetermined range with regard to 
the reference frame, which is closest in the time axis to the 
target frame, among the plurality of reference frames, per 
forms a compensation process, and generates a prediction 
image. On the other hand, with regard to those reference 
frames other than the closest reference frame, the template 
motion prediction and compensation unit 123 performs a 
motion search of the inter-template process mode in a prede 
termined range in the Surroundings of the search center that is 
calculated by the MRF search center calculation unit 124, 
performs a compensation process, and generates a prediction 
image. 
(0199 Therefore, in a case where a motion search for a 
reference frame other than the reference frame closest in the 
time axis to the target frame among the plurality of reference 
frames is performed, the template motion prediction and 
compensation unit 123 Supplies the image to be inter-pro 
cessed and the image that is referred to, which are read from 
the frame memory 119, to the MRF search center calculation 
unit 124. Meanwhile, at this time, the motion vector informa 
tion found with regard to the reference frame that is one frame 
before the reference frame for the object of the search in the 
time axis is also supplied to the MRF search center calcula 
tion unit 124. 
0200 Furthermore, the template motion prediction and 
compensation unit 123 determines the prediction image hav 
ing the minimum prediction error among the prediction 
images that are generated with regard to the plurality of 
reference frames to be a prediction image for the target block. 
Then, the template motion prediction and compensation unit 
123 supplies the determined prediction image to the motion 
prediction and compensation unit 122. 
0201 The MRF search center calculation unit 124 calcu 
lates the search center of the motion vector in the reference 
frame for the object of the search by using the motion vector 
information found with regard to the reference frame that is 
one frame before the reference frame for the object of the 
search in the time axis among the plurality of reference 
frames. Meanwhile, this computation process is basically the 
same process as the process of the MRF Search center calcu 
lation unit 77 of the image coding device 51. 
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0202 The switch 125 selects the prediction image gener 
ated by the motion prediction and compensation unit 122 or 
by the intra-prediction unit 121, and supplies the prediction 
image to the computation unit 115. 
0203) Next, a description will be given, with reference to 
the flowchart of FIG. 19, of a decoding process performed by 
the image decoding device 101. 
0204. In step S131, the accumulation buffer 111 accumu 
lates the received image. In step S132, the lossless decoding 
unit 112 decodes the compressed image Supplied from the 
accumulation buffer 111. That is, an I picture, a Ppicture, and 
a B picture, which are coded by the lossless coding unit 66 of 
FIG. 1, are decoded. 
0205 At this time, the motion vector information, the 
reference frame information, the prediction mode informa 
tion (information indicating an intra-prediction mode, an 
inter-prediction mode, or an inter-template process mode), 
and the flag information are also decoded. 
0206 That is, in a case where the prediction mode infor 
mation is an intra-prediction mode information, the predic 
tion mode information is Supplied to the intra-prediction unit 
121. In a case where the prediction mode information is an 
inter-prediction mode information, the motion vector infor 
mation corresponding to the prediction mode information is 
Supplied to the motion prediction and compensation unit 122. 
In a case where the prediction mode information is an inter 
template process mode information, the prediction mode 
information is Supplied to the motion prediction and compen 
sation unit 122. 
0207. In step S133, the dequantization unit 113 dequan 

tizes the transform coefficient decoded by the lossless decod 
ing unit 112 on the basis of the characteristics corresponding 
to the characteristics of the quantization unit 65 of FIG.1. In 
step S134, the inverse orthogonal transformation unit 114 
inversely orthogonally transforms the transform coefficient 
dequantized by the dequantization unit 113 on the basis of the 
characteristics corresponding to the characteristics of the 
orthogonal transformation unit 64 of FIG. 1. Consequently, 
the difference information corresponding to the input (the 
output of the computation unit 63) of the orthogonal transfor 
mation unit 64 of FIG. 1 is decoded. 
0208. In step S135, the computation unit 115 adds the 
prediction image that is selected in the process of step S141 
(to be described later) and that is input through the switch 125 
to the difference information. As a result, the original image is 
decoded. In step S136, the deblocking filter 116 filters the 
image output from the computation unit 115. As a result, the 
block distortion is removed. In step S137, the frame memory 
119 stores the filtered image. 
0209. In step S138, the intra-prediction unit 121, the 
motion prediction and compensation unit 122, or the template 
motion prediction and compensation unit 123 each perform 
an image prediction process in correspondence with the pre 
diction mode information Supplied from the lossless decod 
ing unit 112. 
0210 That is, in a case where the intra-prediction mode 
information is Supplied from the lossless decoding unit 112, 
the intra-prediction unit 121 performs an intra-prediction pro 
cess of the intra-prediction mode. In a case where the inter 
prediction mode information is Supplied from the lossless 
decoding unit 112, the motion prediction and compensation 
unit 122 performs a motion prediction and compensation 
process of the inter-prediction mode. Furthermore, in a case 
where the inter-template process mode information is Sup 
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plied from the lossless decoding unit 112, the template 
motion prediction and compensation unit 123 performs a 
motion prediction and compensation process of the inter 
template process mode. 
0211. The details of the prediction process in step S138 
will be described later with reference to FIG. 20. This process 
causes the prediction image generated by the intra-prediction 
unit 121, the prediction image generated by the motion pre 
diction and compensation unit 122, or the prediction image 
generated by the template motion prediction and compensa 
tion unit 123 to be supplied to the switch 125. 
0212. In step S139, the switch 125 selects the prediction 
image. That is, the prediction image generated by the intra 
prediction unit 121, the prediction image generated by the 
motion prediction and compensation unit 122, or the predic 
tion image generated by the template motion prediction and 
compensation unit 123 is Supplied. Thus, the Supplied predic 
tion image is selected, is Supplied to the computation unit 115, 
and is added to the output of the inverse orthogonal transfor 
mation unit 114 in step S134 in the manner described above. 
0213. In step S140, the screen rearrangement buffer 117 
performs rearrangement. That is, the order of the frames 
rearranged for coding by the screen rearrangement buffer 62 
of the image coding device 51 is rearranged in the order of the 
original display. 
0214. In step S141, the D/A conversion unit 118 performs 
D/A conversion on the image from the screen rearrangement 
buffer 117. This image is output to a display (not shown), 
whereby the image is displayed. 
0215 Next, a description will be given, with reference to 
the flowchart of FIG. 20, of a prediction process of step S138 
of FIG. 19. 

0216. In step S171, the intra-prediction unit 121 deter 
mines whether or not the target block has been intra-coded. 
When the intra-prediction mode information is supplied from 
the lossless decoding unit 112 to the intra-prediction unit 121, 
in step 171, the intra-prediction unit 121 determines that the 
target block has been intra-coded, and the process proceeds to 
step S172. 
0217. In step S172, the intra-prediction unit 121 performs 
intra-prediction. That is, in a case where the image to be 
processed is an image to be intra-processed, a necessary 
image is read from the frame memory 119, and is supplied to 
the intra-prediction unit 121 through the switch 120. In step 
S172, the intra-prediction unit 121 performs intra-prediction 
in accordance with the intra-prediction mode information 
Supplied from the lossless decoding unit 112, and generates a 
prediction image. The generated prediction image is output to 
the Switch 125. 

0218. On the other hand, when it is determined in step 
S171 that the target block has not been intra-coded, the pro 
cess proceeds to step S173. 
0219. In a case where the image to be processed is an 
image to be inter-processed, the inter-prediction mode infor 
mation, the reference frame information, and the motion vec 
tor information from the lossless decoding unit 112 are Sup 
plied to the motion prediction and compensation unit 122. In 
step S173, the motion prediction and compensation unit 122 
determines whether or not the prediction mode information 
from the lossless decoding unit 112 is inter-prediction mode 
information. When the motion prediction and compensation 
unit 122 determines that the prediction mode information is 
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inter-prediction mode information, the motion prediction and 
compensation unit 122 performs inter-motion prediction in 
step S174. 
0220. In a case where the image to be processed is an 
image on which an inter-prediction process is to be per 
formed, a necessary image is read from the frame memory 
119 and is Supplied to the motion prediction and compensa 
tion unit 122 through the switch 120. In step S174, the motion 
prediction and compensation unit 122 performs motion pre 
diction of the inter-prediction mode on the basis of the motion 
vector Supplied from the lossless decoding unit 112, and 
generates a prediction image. 
The generated prediction image is output to the switch 125. 
0221) When it is determined in step S173 that the predic 
tion mode information is not inter-prediction mode informa 
tion, that is, when the prediction mode information is inter 
template process mode information, the process proceeds to 
step S175, whereby an inter-template motion prediction pro 
cess is performed. 
0222. A description will be given, with reference to the 
flowchart of FIG. 21, of the inter-template motion prediction 
process of step S175. Meanwhile, for the processes of steps 
S191 to S195 of FIG. 21, basically the same processes are 
performed as the processes of steps S71 to S75 of FIG. 12. 
Accordingly, the repeated description of the details thereof is 
omitted. 

0223) In a case where the image to be processed is an 
image on which the inter-template process is to be performed, 
a necessary image is read from the frame memory 119 and is 
Supplied to the template motion prediction and compensation 
unit 123 through the switch 120 and the motion prediction and 
compensation unit 122. 
0224. In step S191, the template motion prediction and 
compensation unit 123 performs a motion prediction and 
compensation process of the inter-template process mode 
with regard to a reference frame whose distance in the time 
axis to the target frame is closest. That is, the template motion 
prediction and compensation unit 123 searches for the motion 
vector in accordance with the inter-template matching 
method with regard to the reference frame whose distance in 
the time axis to the target frame is closest. Then, the template 
motion prediction and compensation unit 123 performs a 
motion prediction and compensation process on the reference 
image on the basis of the found motion vector, and generates 
a prediction image. 
0225. In step S192, in order to perform a motion search 
with regard to the reference frame other than the reference 
frame that is closest in the time axis to the target frame among 
the plurality of reference frames, the template motion predic 
tion and compensation unit 123 causes the MRF search center 
calculation unit 124 to calculate the search center of the 
reference frame. Then, in step S193, the template motion 
prediction and compensation unit 123 performs a motion 
search in a predetermined range in the Surroundings of the 
search center calculated by the MRF search centercalculation 
unit 124, performs a compensation process, and generates a 
prediction image. 
0226. In step S194, the template motion prediction and 
compensation unit 123 determines whether or not the pro 
cessing for all the reference frames has been completed. 
When it is determined in step S194 that the processing has not 
yet been completed, the process returns to step S192, and the 
processing at and Subsequent to step S192 is repeated. 
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0227. When it is determined in step S194 that the process 
ing for all the reference frames has been completed, the 
process proceeds to step S195. In step S195, the template 
motion prediction and compensation unit 123 determines the 
prediction image of the inter-template mode for the target 
block from the prediction images with respect to all the ref 
erence frames that are obtained in the process of step S191 or 
S193. 

0228 That is, the prediction image having the minimum 
prediction error that is obtained by using an SAD (Sum of 
Absolute Difference) among the prediction images for all the 
reference frames is determined to be the prediction image for 
the target block, and the determined prediction image is Sup 
plied to the switch 125 through the motion prediction and 
compensation unit 122. 
0229. As in the foregoing, both the image coding device 
and the image decoding device perform motion prediction 
based on template matching, making it possible to display 
good image quality without sending motion vector informa 
tion, reference frame information, and the like. 
0230. In addition, when performing a motion prediction 
and compensation process in the inter-template process mode 
of the multi-reference frame, the motion vector information 
obtained in the reference frame that is one frame before in the 
time axis is used to obtain the search center in the next 
reference frame, and a motion search is performed by using 
the search center. Consequently, it is possible to Suppress an 
increase in the number of computations while minimizing a 
decrease in the coding efficiency. 
0231. Furthermore, when performing a motion prediction 
and compensation process in accordance with the H.264/ 
AVC method, a prediction based on template matching is also 
performed, a coding process is performed by selecting a 
better cost function value. Thus, it is possible to improve the 
coding efficiency. 
0232 Meanwhile, in the above-described description, a 
case in which the size of a macroblock is of 16x16 pixels has 
been described. The present invention can be applied to an 
extended macroblock size, which is described in "Video Cod 
ing Using Extended Block Sizes, VCEG-AD09, ITU-Tele 
communications Standardization Sector STUDY GROUP 
Question 16 Contribution 123, January 2009. 
0233 FIG. 22 illustrates an example of an extended mac 
roblock size. In the above-described description, the macrob 
lock size has been extended to 32x32 pixels. 
0234. In the upper stage of FIG. 22, macroblocks com 
posed of 32x32 pixels, which are divided into blocks (parti 
tions) of 32x32 pixels, 32x16 pixels, 16x32 pixels, and 16x16 
pixels, are shown in sequence from the left. In the middle 
stage of FIG. 22, macroblocks composed of 16x16 pixels, 
which are divided into blocks (partitions) of 16x16 pixels, 
16x8 pixels, 8x16 pixels, and 8x8 pixels, are shown in 
sequence from the left. Furthermore, in the lower stage of 
FIG. 22, blocks of 8x8 pixels, which are divided into blocks 
of 8x8 pixels, 8x4 pixels, 4x8 pixels, and 4x4 pixels, are 
shown in sequence from the left. 
0235. That is, the macroblock of 32x32 pixels can be 
processed in units of blocks of 32x32 pixels, 32x16 pixels, 
16x32 pixels, and 16x16 pixels, which are shown in the upper 
stage of FIG. 22. 
0236 Furthermore, for the block of 16x16 pixels shown 
on the right side of the upper stage, processing of blocks of 
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16x16 pixels, 16x8 pixels, 8x16 pixels, and 8x8 pixels, which 
are shown in the middle stage, is possible similarly to the 
H.264/AVC method. 

0237. In addition, for the block of 8x8 pixels shown on the 
right side, processing of blocks of 8x8 pixels, 8x4 pixels, 4x8 
pixels, and 4x4 pixels, which are shown in the lower stage, is 
possible similarly to the H.264/AVC method. 
0238. As a result of adopting such a hierarchical structure, 
in the extended macroblock size, a larger block is defined as 
a super-set thereof while maintaining compatibility with the 
H.264/AVC method regarding the blocks of 16x16 pixels or 
Smaller. 

0239. The present invention can also be applied to an 
extended macroblock size, which is proposed as described 
above. 

0240. In the foregoing, although the H.264/AVC method 
has been used as a coding method, other coding method/ 
decoding methods can also be used. 
0241 Meanwhile, the present invention can be applied to 
animage coding device and an image decoding device that are 
used when image information (bit stream) that is compressed 
by an orthogonal transform Such as a discrete cosine trans 
form, and motion compensation is to be received through a 
network medium, such as a satellite broadcast, a cable TV 
(television), the Internet, a mobile phone, and the like, or 
when the image information is to be processed on a storage 
medium, Such as optical and magnetic discs, and a flash 
memory as in, for example, MPEG, H.26x, or the like. Fur 
thermore, the present invention can also be applied to a 
motion prediction and compensation device included in an 
image coding device and an image decoding device. 
0242. The above-described series of processing can be 
performed by hardware and can also be performed by soft 
ware. When the series of processing is to be performed by 
Software, a program forming the Software is installed from a 
program recording medium into, for example, a general-pur 
pose personal computer incorporated in dedicated hardware 
or into a computer capable of performing various functions by 
installing various programs. 
0243 A program recording medium for storing a program 
that is installed into a computer and is made to be an execut 
able state by the computer is formed of a removable medium 
that is a packaged medium, which is formed of a magnetic 
disc (including a flexible disc), an optical disc (including 
CD-ROM (Compact Disc-Read Only Memory), a DVD 
(Digital Versatile Disc), or a magneto-optical disc), a semi 
conductor memory, or the like, a ROM, a hard-disk or the like, 
in which the program is temporarily or permanently stored. 
The storage of the program on the program recording medium 
is performed by using a wired or wireless communication 
medium, Such as a local area network, the Internet, and a 
digital satellite broadcast through an interface, such as a 
router, a modem and the like, as necessary. 
0244. Meanwhile, in this specification, steps describing a 
program recorded on a recording medium include processes 
that are performed in a time-series manner according to the 
written order, but also processes that are performed in parallel 
or individually although they may not be performed in a 
time-series manner. 

0245. Furthermore, the embodiment of the present inven 
tion is not limited to the above-mentioned embodiment, and 
various changes are possible in a range without deviating 
from the spirit and scope of the present invention. 
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0246 For example, the above-mentioned image coding 
device 51 and image decoding device 101 can be applied to 
any electronic apparatus. An example thereof will be 
described below. 
0247 FIG. 23 is a block diagram illustrating an example of 
the main configuration of a television receiver using an image 
decoding device to which the present invention is applied. 
0248. A television receiver 300 shown in FIG. 23 includes 
a terrestrial tuner 313, a video decoder 315, a video signal 
processing circuit 318, a graphic generation circuit 319, a 
panel driving circuit 320, and a display panel 321. 
0249. The terrestrial tuner 313 receives abroadcast signal 
of a terrestrial analog broadcast through an antenna, demodu 
lates the broadcast signal, obtains a video signal, and Supplies 
it to the video decoder 315. The video decoder 315 performs 
a decoding process on the video signal Supplied from the 
terrestrial tuner 313, and supplies the obtained digital com 
ponent signal to the video signal processing circuit 318. 
0250. The video signal processing circuit 318 performs a 
predetermined process. Such as noise reduction, on the video 
data supplied from the video decoder 315, and supplies the 
obtained video data to the graphic generation circuit 319. 
0251. The graphic generation circuit 319 generates video 
data of a program to be displayed on the display panel 321, 
image data by processing based on an application that is 
Supplied through a network, and Supplies the generated video 
data and image data to the panel driving circuit 320. Further 
more, the graphic generation circuit 319 also performs, as 
appropriate, a process in which Video data (graphic) for dis 
playing a screen used by a user to select an item or the like is 
generated, and video data obtained by Superposing the video 
data (graphic) onto the video data of a program is Supplied to 
the panel driving circuit 320. 
0252. The panel driving circuit 320 drives the display 
panel 321 on the basis of the data supplied from the graphic 
generation circuit 319, thereby displaying the video of the 
program and the above-mentioned various screens on the 
display panel 321. 
0253) The display panel 321 is formed of an LCD (Liquid 
Crystal Display) or the like, and displays the video of the 
program, and the like under the control of the panel driving 
circuit 320. 

0254 Furthermore, the television receiver 300 also 
includes an audio A/D (Analog/Digital) conversion circuit 
314, an audio signal processing circuit 322, an echo cancel 
lation/audio synthesis circuit 323, an audio amplification cir 
cuit 324, and a speaker 325. 
(0255. The terrestrial tuner 313 obtains not only a video 
signal but also an audio signal by demodulating a received 
broadcast signal. The terrestrial tuner 313 supplies the 
obtained audio signal to the audio A/D conversion circuit 314. 
0256 The audio A/D conversion circuit 314 performs an 
A/D conversion process on the audio signal Supplied from the 
terrestrial tuner 313, and supplies the obtained digital audio 
signal to the audio signal processing circuit 322. 
0257 The audio signal processing circuit 322 performs a 
predetermined process. Such as noise reduction, on the audio 
data supplied from the audio A/D conversion circuit 314, and 
Supplies the obtained audio data to the echo cancellation/ 
audio synthesis circuit 323. 
0258. The echo cancellation/audio synthesis circuit 323 
Supplies the audio data Supplied from the audio signal pro 
cessing circuit 322 to the audio amplification circuit 324. 
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0259. The audio amplification circuit 324 performs a D/A 
conversion process and an amplification process on the audio 
data Supplied from the echo cancellation/audio synthesis cir 
cuit 323, adjusts the audio data to a predetermined sound 
volume, and thereafter outputs audio from the speaker 325. 
0260. In addition, the television receiver 300 includes a 
digital tuner 316 and an MPEG decoder 317. 
0261 The digital tuner 316 receives a broadcast signal of 
a digital broadcast (terrestrial digital broadcast, BS (Broad 
casting Satellite)/CS (Communications Satellite) digital 
broadcast) through an antenna, demodulates the broadcast 
signal, and obtains an MPEG-TS (Moving Picture Experts 
Group-Transport Stream), and supplies it to the MPEG 
decoder 317. 
0262 The MPEG decoder 317 releases the scramble per 
formed on the MPEG-TS supplied from the digital tuner 316 
So as to extract a stream containing the data of the program to 
be reproduced (to be viewed). The MPEG decoder 317 
decodes the audio packets forming the extracted stream, Sup 
plies the obtained audio data to the audio signal processing 
circuit 322, and decodes the video packets forming the 
stream, and Supplies the obtained video data to the video 
signal processing circuit 318. Furthermore, the MPEG 
decoder 317 supplies the EPG (Electronic Program Guide) 
data extracted from the MPEG-TS to the CPU 332 through a 
path (not shown). 
0263. The television receiver 300 uses the above-men 
tioned image decoding device 101 as the MPEG decoder 317 
for decoding video packets in this manner. Therefore, simi 
larly to the case of the image decoding device 101, when a 
motion prediction and compensation process in the inter 
template process mode of the multi-reference frame is to be 
performed, the MPEG decoder 317 uses the motion vector 
information obtained in the reference frame that is one frame 
before in the time axis so as to obtain the search center in the 
next reference frame, and performs a motion search by using 
the search center. As a result, it is possible to realize the 
reduction in the number of computations while minimizing a 
decrease in the coding efficiency. 
0264. Similarly to the video data supplied from the video 
decoder 315, the video data supplied from the MPEG decoder 
317 is subjected to a predetermined process in the video 
signal processing circuit 318. Then, the video data that is 
generated in the graphic generation circuit 319, and the like 
are Superposed as appropriate on the video data on which a 
predetermined process has been performed. The video data is 
supplied through the panel driving circuit 320 to the display 
panel 321, whereby the image is displayed. 
0265 Similarly to the case of the audio data supplied from 
the audio A/D conversion circuit 314, the audio data supplied 
from the MPEG decoder 317 is subjected to a predetermined 
process in the audio signal processing circuit 322. Then, the 
audio data on which the predetermined process has been 
performed is Supplied through the echo cancellation/audio 
synthesis circuit 323 to the audio amplification circuit 324, 
whereby a D/A conversion process and an amplification pro 
cess are performed. As a result, the audio that has been 
adjusted to a predetermined sound Volume is output from the 
speaker 325. 
0266 Furthermore, the television receiver 300 includes a 
microphone 326 and an A/D conversion circuit 327. 
0267. The A/D conversion circuit 327 receives an audio 
signal of the user, which is collected by the microphone 326 
provided for voice conversation in the television receiver 300. 
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The A/D conversion circuit 327 performs an A/D conversion 
process on the received audio signal, and Supplies the 
obtained digital audio data to the echo cancellation/audio 
synthesis circuit 323. 
0268. In a case where the audio data of the user (user A) of 
the television receiver 300 has been supplied from the A/D 
conversion circuit 327, the echo cancellation/audio synthesis 
circuit 323 performs echo cancellation by targeting the audio 
data of the user A. Then, after the echo cancellation, the echo 
cancellation/audio synthesis circuit 323 causes audio data 
obtained by combining with other audio data to be output 
from the speaker 325 through the audio amplification circuit 
324. 

0269. In addition, the television receiver 300 includes an 
audio codec 328, an internal bus 329, an SDRAM (Synchro 
nous Dynamic Random Access Memory) 330, a flash 
memory 331, a CPU 332, a USB (Universal Serial Bus) I/F 
333, and a network I/F 334. 
0270. The A/D conversion circuit 327 receives the audio 
signal of the user, which is collected by the microphone 326 
provided for voice conversation in the television receiver 300. 
The A/D conversion circuit 327 performs an A/D conversion 
process on the received audio signal, and Supplies the 
obtained digital audio data to the audio codec 328. 
0271 The audio codec 328 converts the audio data Sup 
plied from the A/D conversion circuit 327 into data of a 
predetermined format, which is transmitted through a net 
work, and supplies the data to the network I/F334 through an 
internal bus 329. 
0272. The network I/F 334 is connected to the network 
through a cable mounted to a network terminal 335. The 
network I/F 334 transmits, for example, the audio data Sup 
plied from the audio codec 328 to another device connected to 
the network. Furthermore, the network IVF 334 receives, 
through the network terminal 335, for example, the audio data 
transmitted from another device connected through the net 
work, and supplies the audio data to the audio codec 328 
through the internal bus 329. 
0273. The audio codec 328 converts the audio data Sup 
plied from the network I/F 334 into data of a predetermined 
format, and Supplies the data to the echo cancellation/audio 
synthesis circuit 323. 
0274 The echo cancellation/audio synthesis circuit 323 
performs echo cancellation by targeting the audio data Sup 
plied from the audio codec 328, and causes audio data 
obtained by combining with other audio data to be output 
from the speaker 325 through the audio amplification circuit 
324. 

(0275. The SDRAM 330 stores various data necessary for 
the CPU 332 to perform processing. 
0276. The flash memory 331 stores a program executed by 
the CPU 332. The program stored in the flash memory 331 is 
read by the CPU 332 at a predetermined time, such as the 
start-up time of the television receiver 300. In the flash 
memory 331, EPG data obtained through a digital broadcast, 
data obtained from a server through a network, and the like 
are stored. 

(0277 For example, in the flash memory 331, an MPEG 
TS containing content data that is obtained from a predeter 
mined server through a network under the control of the CPU 
332 is stored. The flash memory 331 supplies the MPEG-TS 
to the MPEG decoder 317 through the internal bus 329, for 
example, under the control of the CPU 332. 



US 2011/0164684 A1 

(0278. The MPEG decoder 317 processes the MPEG-TS in 
a manner similar to the case of the MPEG-TS supplied from 
the digital tuner 316. As described above, it is possible for the 
television receiver 300 to receive content data formed of 
Video, audio, and the like through a network, to decode the 
content data by using the MPEG decoder 317, to display the 
Video, and to output audio. 
0279. Furthermore, the television receiver 300 includes a 
photoreceiving unit 337 for receiving an infrared signal trans 
mitted from the remote controller 351. 

0280. The photoreceiving unit 337 receives the infrared 
from the remote controller 351, and outputs a control code 
indicating the content of the user operation obtained by 
demodulation to the CPU 332. 

(0281. The CPU 332 executes the program stored in the 
flash memory 331, and controls the entire operation of the 
television receiver 300 in accordance with the control code 
supplied from the photoreceiving unit 337. The CPU 332 and 
the units of the television receiver 300 are connected with one 
another through a path (not shown). 
0282. The USB I/F333 performs transmission and recep 
tion of data to and from apparatuses outside the television 
receiver 300, which are connected through a USE cable 
mounted to the USB terminal 336. The network I/F 334 is 
connected to the network through a cable mounted to the 
network terminal 335, and also performs transmission and 
reception of data other than audio data to and from various 
apparatuses that are connected to the network. 
0283. The television receiver 300 uses the image decoding 
device 101 as the MPEG decoder 317, making it possible to 
realize the reduction in the number of computations while 
minimizing a decrease in the coding efficiency. As a result, it 
is possible for the television receiver 300 to obtain a decoded 
image with high accuracy at high speed from the broadcast 
signal received through the antenna and content data obtained 
through the network, and to display the decoded image. 
0284 FIG.24 is a block diagram illustrating an example of 
the main configuration of a mobile phone that uses an image 
coding device and an image decoding device to which the 
present invention is applied. 
0285) A mobile phone 400 shown in FIG. 24 includes a 
main control unit 450 configured to centrally control each 
unit, a power-supply circuit unit 451, an operation input con 
trol unit 452, an image encoder 453, a camera I/F unit 454, an 
LCD control unit 455, an image decoder 456, a demultiplex 
ing unit 457, a recording/reproduction unit 462, a modula 
tion/demodulation circuit unit 458, and an audio codec 459. 
These are connected to one another through a bus 460. 
0286 Furthermore, the mobile phone 400 includes an 
operation key 419, a CCD (Charge Coupled Devices) camera 
416, a liquid-crystal display 418, a storage unit 423, a trans 
mission and reception circuit unit 463, an antenna 414, a 
microphone 421, and a speaker 417. 
0287. When a call-ending and power-supply key is turned 
on through the operation of the user, the power-supply circuit 
unit 451 supplies electric power to each unit from a battery 
pack, thereby causing the mobile phone 400 to be started up 
in an operable state. 
0288 Under the control of the main control unit 450 
formed of a CPU, a ROM, a RAM, and the like, the mobile 
phone 400 performs various operations, such as transmission 
and reception of an audio signal, transmission and reception 
of electronic mail and image data, image capturing, and data 
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recording, in various modes, such as a voice conversation 
mode or a data communication mode. 
0289 For example, in the voice conversation mode, the 
mobile phone 400 converts the audio signal collected by a 
microphone 421 into digital audio data by using the audio 
codec 459, performs a spread spectrum process thereon by 
using the modulation/demodulation circuit unit 458, and per 
forms a digital-to-analog conversion process and a frequency 
conversion process by using the transmission and reception 
circuit unit 463. The mobile phone 400 transmits the trans 
mission signal obtained by the conversion process to a base 
station (not shown) through the antenna 414. The transmis 
sion signal (audio signal) transmitted to the base station is 
supplied to the mobile phone of the telephone call party 
through the public telephone network. 
0290 Furthermore, for example, in the voice conversation 
mode, the mobile phone 400 amplifies the reception signal 
received by the antenna 414 by using the transmission and 
reception circuit unit 463, further performs a frequency con 
version process and an analog-to-digital conversion process, 
performs a spectrum despreading process by using the modu 
lation/demodulation circuit unit 458, and converts the recep 
tion signal into an analog audio signal by using the audio 
codec 459. The mobile phone 400 outputs the analog audio 
signal obtained by conversion from the speaker 417. 
0291. In addition, for example, in a case where electronic 
mail is to be transmitted in the data communication mode, the 
mobile phone 400 accepts the text data of the electronic mail, 
which is input by the operation of the operation key 419 in the 
operation input control unit 452. The mobile phone 400 pro 
cesses the text data in the main control unit 450, and causes 
the liquid-crystal display 418 to display the text data as an 
image through the LCD control unit 455. 
0292 Furthermore, in the mobile phone 400, electronic 
mail data is generated on the basis of the text data, user 
instructions, and the like that are received by the operation 
input control unit 452 in the main control unit 450. The 
mobile phone 400 performs a spread spectrum process on the 
electronic mail data by using the modulation/demodulation 
circuit unit 458, and performs a digital-to-analog conversion 
process and a frequency conversion process thereon by using 
the transmission and reception circuit unit 463. The mobile 
phone 400 transmits the transmission signal obtained by the 
conversion process to a base station (not shown) through the 
antenna 414. The transmission signal (electronic mail) trans 
mitted to the base station is Supplied to a predetermined 
destination through a network, a mail server, and the like. 
0293. Furthermore, for example, in a case where elec 
tronic mail is to be received in the data communication mode, 
the mobile phone 400 receives the signal transmitted from the 
base station through the antenna 414 by using the transmis 
sion and reception circuit unit 463, amplifies the signal, and 
further performs a frequency conversion process and an ana 
log digital conversion process thereon. The mobile phone 400 
performs a spectrum despreading process on the reception 
signal by using the modulation/demodulation circuit unit 458 
So as to restore the original electronic mail data. The mobile 
phone 400 displays the restored electronic mail data on the 
liquid-crystal display 418 through the LCD control unit 455. 
0294 Meanwhile, it is also possible for the mobile phone 
400 to record (store) the received electronic mail data in the 
storage unit 423 through the recording/reproduction unit 462. 
0295) This storage unit 423 is an arbitrary rewritable stor 
age medium. The storage unit 423 may be, for example, a 
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semiconductor memory, such as a RAM or a built-in flash 
memory, may be a hard-disk, or may be a removable medium, 
Such as a magnetic disc, a magneto-optical disc, an optical 
disc, a USB memory, or a memory card. Of course, the stor 
age unit 423 may be other than these. 
0296. In addition, for example, in a case where image data 

is to be transmitted in the data communication mode, the 
mobile phone 400 generates image data by performing image 
capture using the CCD camera 416. The CCD camera 416 has 
optical devices, such as a lens and an aperture, and CCDS 
serving as photoelectric conversion elements, captures an 
image of a Subject, converts the strength of the received light 
into an electrical signal, and generates the image data of the 
image of the Subject. The image encoder 453 compresses and 
codes the image data through the camera I/F unit 454 in 
accordance with a predetermined coding method. Such as, for 
example, MPEG2 or MPEG4, thereby converting the image 
data into coded image data. 
0297. The mobile phone 400 uses the above-mentioned 
image coding device 51 as the image encoder 453 for per 
forming Such a process. Therefore, similarly to the case of the 
image coding device 51, when a motion prediction and com 
pensation process in the inter-template process mode of the 
multi-reference frame is to be performed, the image encoder 
453 obtains the search center in the next reference frame by 
using the motion vector information obtained in the reference 
frame in the time axis, and performs a motion search by using 
the search center. As a result, it is possible to realize the 
reduction in the number of computations while minimizing a 
decrease in the coding efficiency. 
0298 Meanwhile, at this time, the mobile phone 400 con 
currently causes the audio codec 459 to perform analog-to 
digital conversion on the audio collected by the microphone 
421 while performing image capture using the CCD camera 
416, and further code the audio. 
0299. In the mobile phone 400, the demultiplexing unit 
457 multiplexes the coded image data supplied from the 
image encoder 453 with the digital audio data supplied from 
the audio codec 459 in accordance with a predetermined 
method. In the mobile phone 400, the modulation/demodula 
tion circuit unit 458 performs a spread spectrum process on 
the multiplexed data obtained thereby, and the transmission 
and reception circuit unit 463 performs a digital-to-analog 
conversion process and a frequency conversion process 
thereon. The mobile phone 400 transmits the transmission 
signal obtained by the conversion process to the base station 
(not shown) through the antenna 414. The transmission signal 
(image data) transmitted to the base station is Supplied to the 
communication party through a network or the like. 
0300 Meanwhile, in a case where the image data is not 
transmitted, the mobile phone 400 can cause the image data 
generated by the CCD camera 416 to be displayed on the 
liquid-crystal display 418 through the LCD control unit 455 
without the intervention of the image encoder 453. 
0301 Furthermore, for example, in the data communica 
tion mode, in a case where the data of a moving image file 
linked to a simplified home page or the like is to be received, 
the mobile phone 400 uses the transmission and reception 
circuit unit 463 to receive the signal transmitted from the base 
station through the antenna 414, amplify the signal, and per 
form a frequency conversion process and an analog-to-digital 
conversion process thereon. The mobile phone 400 uses the 
modulation/demodulation circuit unit 458 to perform a spec 
trum despreading process on the reception signal and restores 
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the original multiplexed data. The mobile phone 400 uses the 
demultiplexing unit 457 to demultiplex the multiplexed data 
into coded image data and audio data. 
0302) The mobile phone 400 uses the image decoder 456 
So as to decode the coded image data in accordance with a 
decoding method corresponding to a predetermined coding 
method, such as MPEG2 or MPEG4, thereby generating 
reproduced movie data, and causes this data to be displayed 
on the liquid-crystal display 418 through the LCD control 
unit 455. As a result, for example, the moving image data 
contained in the moving image file linked to the simplified 
home page is displayed on the liquid-crystal display 418. 
0303. The mobile phone 400 uses the above-mentioned 
image decoding device 101 as the image decoder 456 for 
performing such a process. Therefore, similarly to the case of 
the image decoding device 101, when a motion prediction and 
compensation process in the inter-template process mode of 
the multi-reference frame is to be performed, the image 
decoder 456 obtains the search center in the next reference 
frame by using the motion vector information obtained in the 
reference frame that is one frame before in the time axis, and 
performs a motion search by using the search center. As a 
result, it is possible to realize the reduction in the number of 
computations while minimizing a decrease in the coding effi 
ciency. 
0304 At this time, the mobile phone 400 concurrently 
uses the audio codec 459 to convert the digital audio data into 
an analog audio signal and cause this signal to be output from 
the speaker 417. As a result, for example, the audio data 
contained in the moving image file linked into the simplified 
home page is reproduced. 
0305 Meanwhile, similarly to the case of electronic mail, 

it is also possible for the mobile phone 400 to cause the 
received data linked to the simplified home page or the like to 
be recorded (stored) in the storage unit 423 through the 
recording/reproduction unit 462. 
0306 Furthermore, the mobile phone 400 can use the main 
control unit 450 so as to analyze two-dimensional codes that 
are captured and obtained by the CCD camera 416 and obtain 
the information recorded in the two-dimensional codes. 

0307. In addition, the mobile phone 400 can use an infra 
red communication unit 481 So as to communicate with exter 
nal apparatuses using infrared. 
0308 The mobile phone 400 can use the image coding 
device 51 as the image encoder 453 so as to realize speed-up 
of processing, and also improve the coding efficiency of 
coded data that is generated by coding the image data gener 
ated in, for example, the CCD camera 416. As a result, it is 
possible for the mobile phone 400 to provide coded data 
(image data) having high coding efficiency to another device. 
(0309 Furthermore, the mobile phone 400 can use the 
image decoding device 101 as the image decoder 456 So as to 
realize speed-up of processing, and generate a prediction 
image having high accuracy. As a result, it is possible for the 
mobile phone 400 to, for example, obtain a decoded image 
having high precision from the moving image file linked to 
the simplified home page and display the decoded image. 
0310 Meanwhile, in the foregoing, it has been described 
that the mobile phone 400 uses the CCD camera 416. Alter 
natively, an image sensor (CMOS image sensor) using a 
CMOS (Complementary Metal Oxide Semiconductor) in 
place of the CCD camera 416 may be used. In this case, also, 
similarly to using the CCD camera 416, it is possible for the 
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mobile phone 400 to capture an image of a subject and gen 
erate the image data of the image of the Subject. 
0311. Furthermore, in the foregoing, a description has 
been given of the mobile phone 400. For example, as long as 
the apparatus has an image-capturing function and a commu 
nication function similar to those of the mobile phone 400, 
Such as a PDA (Personal Digital Assistants), a Smartphone, a 
UMPC (Ultra Mobile Personal Computer), a network book, 
or a notebook personal computer, it is possible to apply the 
image coding device 51 and the image decoding device 101 in 
a manner similar to the case of the mobile phone 400. 
0312 FIG.25 is a block diagram illustrating an example of 
the main configuration of a hard-disk recorder using an image 
coding device and an image decoding device to which the 
present invention is applied. 
0313 Ahard-disk recorder (HDD recorder) 500 shown in 
FIG. 25 is a device that stores, in a built-in hard-disk, audio 
data and video data of a broadcast program, which are con 
tained in the broadcast signal (television signal) transmitted 
from a satellite, an antenna, and the like, the audio data and 
the video data being received by a tuner, and that provides the 
stored data to the user at a time in accordance with the instruc 
tion of the user. 
0314. The hard-disk recorder 500, for example, extracts 
the audio data and the video data from the broadcast signal, 
decodes the audio data and the video data as appropriate, and 
causes them to be stored in the built-in hard-disk. Further 
more, it is also possible for the hard-disk recorder 500 to, for 
example, obtain audio data and video data from another 
device through a network, decode the audio data and the video 
data as appropriate, and causes them to be stored in the 
built-in hard-disk. 
0315. In addition, the hard-disk recorder 500, for example, 
decodes the audio data and the video data that are recorded in 
the built-in hard-disk, supplies them to a monitor 560, and 
causes the image to be displayed on the screen of the monitor 
560. Furthermore, it is possible for the hard-disk recorder 500 
to cause the audio thereof to be output from the speaker of the 
monitor 560. 
0316 The hard-disk recorder 500, for example, decodes 
the audio data and the video data that are extracted from the 
broadcast signal obtained through a tuner or the audio data 
and the video data obtained from another device through a 
network, supplies them to the monitor 560, and causes the 
image thereof to be displayed on the screen of the monitor 
560. Furthermore, it is also possible for the hard-disk recorder 
500 to output the audio thereof from the speaker of the moni 
tor 560. 
0317. Of course, the other operations are also possible. 
0318. As shown in FIG. 25, the hard-disk recorder 500 
includes a receiving unit 521, a demodulator 522, a demulti 
plexer 523, an audio decoder 524, a video decoder 525, and a 
recorder control unit 526. The hard-disk recorder 500 further 
includes an EPG data memory 527, a program memory 528, 
a work memory 529, a display converter 530, an OSD (On 
screen Display) control unit 531, a display control unit 532, a 
recording/reproduction unit 533, a D/A converter 534, and a 
communication unit 535. 

0319. Furthermore, the display converter 530 includes a 
video encoder 541. The recording/reproduction unit 533 
includes an encoder 551 and a decoder 552. 
0320. The receiving unit 521 receives an infrared signal 
from a remote controller (not shown), converts the infrared 
signal into an electrical signal, and outputs the electrical 
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signal to the recorder control unit 526. The recorder control 
unit 526 is constituted by, for example, a micro-processor, 
and performs various processing in accordance with pro 
grams stored in the program memory 528. At this time, the 
recorder control unit 526 uses the work memory 529 as nec 
essary. 
0321. The communication unit 535 is connected to a net 
work, and performs a communication process with other 
devices through the network. For example, the communica 
tion unit 535 is controlled by the recorder control unit 526, 
communicates with a tuner (not shown), and outputs a station 
selection control signal to the tuner mainly. 
0322 The demodulator 522 demodulates the signal Sup 
plied from the tuner and outputs the signal to the demulti 
plexer 523. The demultiplexer 523 demultiplexes the data 
supplied from the demodulator 522 into audio data, video 
data, and EPG data, and outputs them to the audio decoder 
524, the video decoder 525, and the recorder control unit 526, 
respectively. 
0323. The audio decoder 524 decodes the input audio data 
in accordance with, for example, the MPEG method, and 
outputs the audio data to the recording/reproduction unit 533. 
The video decoder 525 decodes the input video data in accor 
dance with, for example, the MPEG method, and outputs the 
video data to the display converter 530. The recorder control 
unit 526 supplies the input EPG data to the EPG data memory 
527, whereby it is stored. 
0324. The display converter 530 encodes the video data 
supplied from the video decoder 525 or the recorder control 
unit 526 to video data of for example, the NTSC (National 
Television Standards Committee) method by using the video 
encoder 541, and outputs the video data to the recording/ 
reproduction unit 533. Furthermore, the display converter 
530 converts the size of the screen of the video data supplied 
from the video decoder 525 or the recorder control unit 526 
into a size corresponding to the size of the monitor 560. The 
display converter 530 further converts the video data, in 
which the size of the screen has been converted, into video 
data of the NTSC method by using the video encoder 541, 
converts the video data into an analog signal, and outputs it to 
the display control unit 532. 
0325 Under the control of the recorder control unit 526, 
the display control unit 532 superposes the OSD signal output 
by the OSD (On-screen Display) control unit 531 onto the 
video signal that is input from the display converter 530, 
outputs the signal to the display of the monitor 560, whereby 
it is displayed. 
0326 Furthermore, the audio data that is output by the 
audio decoder 524, which has been converted into an analog 
signal by the D/A converter 534, is also supplied to the moni 
tor 560. The monitor 560 outputs this audio signal from the 
built-in speaker. 
0327. The recording/reproduction unit 533 has a hard-disk 
as a storage medium for recording video data, audio data, and 
the like. 
0328. The recording/reproduction unit 533 encodes, for 
example, the audio data supplied from the audio decoder 524 
in accordance with the MPEG method by using the encoder 
551. Furthermore, the recording/reproduction unit 533 
encodes the video data supplied from the video encoder 541 
of the display converter 530 in accordance with the MPEG 
method by using the encoder 551. The recording/reproduc 
tion unit 533 combines the coded data of the audio data and 
the coded data of the video data by using a multiplexer. The 
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recording/reproduction unit 533 performs channel coding on 
the combined data, amplifies the data, and writes the data in 
the hard-disk through a recording head. 
0329. The recording/reproduction unit 533 reproduces the 
data recorded in the hard-disk through a reproduction head, 
amplifies the data, and demultiplexes the data into audio data 
and video data by using a demultiplexer. The recording/re 
production unit 533 decodes the audio data and the video data 
in accordance with the MPEG method by using the decoder 
552. The recording/reproduction unit 533 performs D/A con 
version on the decoded audio data, and outputs the audio data 
to the speaker of the monitor 560. Furthermore, the recording/ 
reproduction unit 533 performs D/A conversion on the 
decoded video data, and outputs the video data to the display 
of the monitor 560. 
0330. The recorder control unit 526 reads the up-to-date 
EPG data from the EPG data memory 527 in accordance with 
the user instructions indicated by the infrared signal from the 
remote controller, the infrared signal being received through 
the receiving unit 521, and supplies the EPG data to the OSD 
control unit 531. The OSD control unit 531 generates image 
data corresponding to the input EPG data, and outputs the 
image data to the display control unit 532. The display control 
unit 532 outputs the video data input from the OSD control 
unit 531 to the display of the monitor 560, whereby the video 
data is displayed. As a result, an EPG (electronic program 
guide) is displayed on the display of the monitor 560. 
0331 Furthermore, it is possible for the hard-disk recorder 
500 to obtain various data, such as video data, audio data, and 
EPG data, which are supplied from another device through a 
network, Such as the Internet. 
0332 The communication unit 535 is controlled by the 
recorder control unit 526, obtains coded data, such as video 
data, audio data, EPG data, and the like, which are transmitted 
from another device through a network, and Supplies the 
coded data to the recorder control unit 526. The recorder 
control unit 526, for example, supplies the obtained coded 
data of the video data and the audio data to the recording/ 
reproduction unit 533, whereby it is stored in the hard-disk. At 
this time, the recorder control unit 526 and the recording/ 
reproduction unit 533 may perform processing, Such as re 
encoding, as necessary. 
0333. Furthermore, the recorder control unit 526 decodes 
the coded data of the obtained video data and audio data, and 
supplies the obtained video data to the display converter 530. 
Similarly to that for the video data supplied from the video 
decoder 525, the display converter 530 processes the video 
data supplied from the recorder control unit 526, supplies the 
video data through the display control unit 532 to the monitor 
560, whereby the image thereof is displayed. 
0334) Furthermore, in response to this image display, the 
recorder control unit 526 may supply the decoded audio data 
to the monitor 560 through the D/A converter 534, and cause 
the audio thereof to be output from the speaker. 
0335. In addition, the recorder control unit 526 decodes 
the coded data of the obtained EPG data, and supplies the 
decoded EPG data to the EPG data memory 527. 
0336. The hard-disk recorder 500 such as that above uses 
the image decoding device 101 as a decoder that is incorpo 
rated in each of the video decoder 525, the decoder 552, and 
the recorder control unit 526. Therefore, similarly to the case 
of the image decoding device 101, when a motion prediction 
and compensation process in the inter-template process mode 
of the multi-reference frame is to be performed, the decoders 
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incorporated in the video decoder 525, the decoder 552, the 
recorder control unit 526 obtain the search center in the next 
reference frame by using the motion vector information 
obtained in the reference frame that is one frame before in the 
time axis, and performs a motion search by using the search 
center. As a result, it is possible to realize the reduction in the 
number of computations while minimizing a decrease in the 
coding efficiency. 
0337 Therefore, it is possible for the hard-disk recorder 
500 to realize speed-up of processing and also generate a 
prediction image having high accuracy. As a result, the hard 
disk recorder 500 can obtain, for example, a higher-precision 
decoded image from the coded data of the video data received 
through a tuner, the coded data of the video data read from the 
hard-disk of the recording/reproduction unit 533, and the 
coded data of the video data obtained through the network, 
and causes the video data to be displayed on the monitor 560. 
0338 Furthermore, the hard-disk recorder 500 uses the 
image coding device 51 as the encoder 551. Therefore, simi 
larly to the case of the image coding device51, when a motion 
prediction and compensation process in the inter-template 
process mode of the multi-reference frame is to be performed, 
the encoder551 obtains the search center in the next reference 
frame by using the motion vector information obtained in the 
reference frame that is one frame before in the time axis, and 
performs a motion search by using the search center. As a 
result, it is possible to realize the reduction in the number of 
computations while minimizing a decrease in the coding effi 
ciency. 
0339. Therefore, it is possible for the hard-disk recorder 
500 to, for example, realize speed-up of processing and 
improve the coding efficiency of the coded data to be recorded 
in the hard-disk. As a result of the above, it is possible for the 
hard-disk recorder 500 to efficiently use the storage area of 
the hard-disk. 
0340 Meanwhile, in the foregoing, a description has been 
given of the hard-disk recorder 500 for recording video data 
and audio data in a hard-disk. Of course, any recording 
medium may be used. The image coding device 51 and the 
image decoding device 101 can be applied to even a recorder 
in which, for example, a recording medium other than a 
hard-disk, Such as a flash memory, an optical disc, or a video 
tape, is used. 
0341 FIG. 26 is a block diagram illustrating an example of 
the main configuration of a camera that uses an image decod 
ing device and an image coding device to which the present 
invention is applied. 
0342. A camera 600 shown in FIG. 26 captures an image 
ofa Subject, causes the image of the Subject to be displayed on 
an LCD 616, and records the image as image data on a 
recording medium 633. 
0343 A lens block 611 causes light (that is, the video of 
the subject) to enter a CCD/CMOS 612. The CCD/CMOS 
612 is an image sensor using CCDs or CMOSes, converts the 
strength of the received light into an electrical signal, and 
Supplies the electrical signal to a camera signal processing 
unit 613. 
0344) The camera signal processing unit 613 converts the 
electrical signal supplied from the CCD/CMOS 612 into 
color-difference signals of Y. Cr, and Cb, and supplies them to 
an image signal processing unit 614. Under the control of the 
controller 621, the image signal processing unit 614 performs 
predetermined image processing on the image signal Supplied 
from the camera signal processing unit 613, and codes the 
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image signal by using an encoder 641 in accordance with, for 
example, the MPEG method. The image signal processing 
unit 614 Supplies the coded data that is generated by coding 
the image signal to the decoder 615. In addition, the image 
signal processing unit 614 obtains the data for display gener 
ated in an on-screen display (OSD) 620, and supplies the data 
for display to the decoder 615. 
0345. In the above processing, the camera signal process 
ing unit 613 uses, as appropriate, a DRAM (Dynamic Ran 
dom. Access Memory) 618 connected through a bus 617, and 
causes the DRAM 618 to hold image data, coded data 
obtained by coding the image data, and the like as necessary. 
0346. The decoder 615 decodes the coded data supplied 
from the image signal processing unit 614, and Supplies the 
obtained image data (decoded image data) to the LCD 616. 
Furthermore, the decoder 615 supplies the data for display 
Supplied from the image signal processing unit 614 to the 
LCD 616. The LCD 616 combines, as appropriate, the image 
of the decoded image data supplied from the decoder 615 and 
the image of the data for display, and displays the combined 
image. 
0347 Under the control of the controller 621, the on 
screen display 620 outputs a menu screen containing sym 
bols, characters, or figures, and data for display, such as icons, 
to the image signal processing unit 614 through the bus 617. 
0348. The controller 621 performs various processing in 
accordance with a signal indicating the content instructed by 
the user by using an operation unit 622, and also controls the 
image signal processing unit 614, the DRAM 618, an external 
interface 619, the on-screen display 620, a medium drive 623, 
and the like through the bus 617. The flash ROM 624 has 
stored therein programs, data, and the like that are necessary 
for the controller 621 to perform various processing. 
0349 For example, it is possible for the controller 621 
taking the place of the image signal processing unit 614 and 
the decoder 615 to code the image data stored in the DRAM 
618 and to decode the coded data stored in the DRAM 618. At 
this time, the controller 621 may perform a coding and decod 
ing process in accordance with a method similar to the coding 
and decoding method for the image signal processing unit 
614 and the decoder 615, and may perform a coding and 
decoding process in accordance with a method that is not 
Supported by the image signal processing unit 614 and the 
decoder 615. 

0350. Furthermore, for example, in a case where the start 
ing of image printing is instructed from the operation unit 
622, the controller 621 reads image data from the DRAM 618, 
and Supplies the image data to a printer 634 connected to the 
external interface 619 through the bus 617, the image data 
being printed by the printer 634. 
0351. In addition, for example, in a case where image 
recording is instructed from the operation unit 622, the con 
troller 621 reads coded data from the DRAM 618, supplies 
the coded data to the recording medium 633 loaded into the 
medium drive 623 through the bus 617, the coded data being 
stored on the recording medium 633. 
0352. The recording medium 633 is, for example, an arbi 
trary readable and writable removable medium, such as a 
magnetic disc, a magneto-optical disc, an optical disc, or a 
semiconductor memory. Of course, the type of the recording 
medium 633 as a removable medium is as desired, and may be 
a tape device, a disc, or a memory card. Of course, the record 
ing medium may also be a non-contact IC card or the like. 
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0353. Furthermore, the medium drive 623 and the record 
ing medium 633 may be integrated, and may also be config 
ured by, for example, a non-portable storage medium like a 
built-in hard-disk drive, an SSD (Solid State Drive), and the 
like. 

0354) The external interface 619 is constituted by, for 
example, a USB input/output terminal, and is connected to the 
printer 634 in a case where the printing of an image is per 
formed. Furthermore, the drive 631 is connected to the exter 
nal interface 619 as necessary, and the removable medium 
632. Such as a magnetic disc, an optical disc, or a magneto 
optical disc, is loaded thereinto. A computer program read 
therefrom is installed into a flash ROM 624 as necessary. 
0355. In addition, the external interface 619 includes a 
network interface connected to a predetermined network, 
such as a LAN or the Internet. The controller 621, for 
example, reads coded data from the DRAM 618 in accor 
dance with instructions from the operation unit 622, and can 
cause the coded data to be supplied from the external interface 
619 to another device connected through the network. Fur 
thermore, the controller 621 obtains, through the external 
interface 619, coded data and image data that are supplied 
from another device through the network, and can cause the 
coded data and the image data to be held in the DRAM 618 
and to be supplied to the image signal processing unit 614. 
0356. The camera 600 such as that described above uses 
the image decoding device 101 as the decoder 615. Therefore, 
similarly to the case of the image decoding device 101, when 
a motion prediction and compensation process in the inter 
template process mode of the multi-reference frame is to be 
performed, the decoder 615 obtains the search center in the 
next reference frame by using the motion vector information 
obtained in the reference frame that is one frame before in the 
time axis, and performs a motion search by using the search 
center. As a result, it is possible to realize the reduction in the 
number of computations while minimizing a decrease in the 
coding efficiency. 
0357 Therefore, it is possible for the camera 600 to realize 
speed-up of processing and generate a prediction image hav 
ing high accuracy. As a result of the above, it is possible for the 
camera 600 to, for example, obtain a higher accuracy decoded 
image from the image data generated in the CCD/CMOS 612, 
the coded data of the video data read from the DRAM 618 or 
the recording medium 633, and the coded data of the video 
data that is obtained through the network, and possible to 
display the decoded image on the LCD 616. 
0358. Furthermore, the camera 600 uses the image coding 
device 51 as the encoder 641. Therefore, similarly to the case 
of the image coding device 51, when a motion prediction and 
compensation process in the inter-template process mode of 
the multi-reference frame is to be performed, the encoder 641 
obtains the search center in the next reference frame by using 
the motion vector information obtained in the reference frame 
that is one frame before in the time axis, and performs a 
motion search by using the search center. As a result, it is 
possible to realize the reduction in the number of computa 
tions while minimizing a decrease in the coding efficiency. 
0359. Therefore, it is possible for the camera 600 to, for 
example, realize speed-up of processing, and possible to the 
coding efficiency of the coded data that is recorded in the 
hard-disk. As a result of the above, it is possible for the camera 
600 to efficiently use the DRAM 618 and the storage area of 
the recording medium 633. 
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0360 Meanwhile, the decoding method of the image 
decoding device 101 may be applied to the decoding process 
performed by the controller 621. In a similar manner, the 
coding method of the image coding device 51 may be applied 
to the coding process performed by the controller 621. 
0361 Furthermore, the image data captured by the camera 
600 may be a moving image or may be a still image. 
0362. Of course, the image coding device 51 and the 
image decoding device 101 can be applied to devices other 
than the above-mentioned device and system. 

REFERENCE SIGNS LIST 

0363 image coding device, 66 lossless coding unit, 74 
intra-prediction unit, 75 motion prediction and compensation 
unit, 76 template motion prediction and compensation unit, 
77 MRF search center calculation unit, prediction image 
selection unit, 101 image decoding device, 112 lossless 
decoding unit, 121 intra-prediction unit, 122 motion predic 
tion and compensation unit, 123 template motion prediction 
and compensation unit, 124 MRF search center calculation 
unit, 125 switch 

1. An image processing apparatus comprising: 
a search center calculation unit that uses a motion vector of 

a first target block of a frame, the motion vector being 
searched for in a first reference frame of the first target 
block, so as to calculate a search center in a second 
reference frame whose distance to the frame in the time 
axis is next close to the first reference frame; and 

a motion prediction unit that searches for a motion vector 
of the first target block by using a template that is adja 
cent to the first target block in a predetermined position 
relationship and that is generated from a decoded image 
in a predetermined search range in the Surroundings of 
the search center in the second reference frame, the 
search center being calculated by the search center cal 
culation unit. 

2. The image processing apparatus according to claim 1, 
wherein the search center calculation unit calculates the 
search center in the second reference frame by performing 
Scaling on the motion vector of the first target block using the 
distance in the time axis to the frame, the motion vector being 
searched for by the motion prediction unit in the first refer 
ence frame. 

3. The image processing apparatus according to claim 2, 
wherein, when a distance in the time axis between the 

frame and the first reference frame of a reference picture 
number ref idk-1 is denoted ast, a distance between 
the frame and the second reference frame of a reference 
picture number ref idk is denoted as t, and a motion 
vector of the first target block searched for by the motion 
prediction unit in the first reference frame is denoted as 
timmV, the search center calculation unit calculates a 
search center mV as 

ik Math. 10 
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and 
wherein the motion prediction unit searches for the motion 

vector of the first target block using the template in a 
predetermined search range in the Surroundings of the 
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search center mv in the second reference frame, the 
search center being calculated by the search center cal 
culation unit. 

4. The image processing apparatus according to claim 3, 
wherein the search center calculation unit performs a cal 

culation of the search center mV, by only a shift opera 
tion by approximating a value oft?t, in the form of 
N/2 (N and Mare integers). 

5. The image processing apparatus according to claim 3, 
wherein a POC (Picture Order Count) is used as distances t 
and t in the time axis. 

6. The image processing apparatus according to claim 3, 
wherein, when there is no parameter corresponding to the 

reference picture number ref id in image compression 
information, processing is performed starting with a ref 
erence frame in the order of closeness to the frame in the 
time axis for both the forward and backward predictions. 

7. The image processing apparatus according to claim 2, 
wherein the motion prediction unit searches for the motion 

vector of the first target block in a predetermined range 
by using the template in the first reference frame whose 
distance in the time axis to the frame is closest. 

8. The image processing apparatus according to claim 2, 
wherein, when the second reference frame is a long term 

reference picture, the motion prediction unit searches 
for the motion vector of the first target block in a prede 
termined range by using the template in the second ref 
erence frame. 

9. The image processing apparatus according to claim 2, 
further comprising: 

a decoding unit that decodes information on a coded 
motion vector, and 

a prediction image generation unit that generates a predic 
tion image by using the motion vector of a second target 
block of the frame, the motion vector being decoded by 
the decoding unit. 

10. The image processing apparatus according to claim 2, 
wherein the motion prediction unit searches for the motion 

vector of a second target block of the frame by using the 
second target block, and 

wherein the image processing apparatus further comprises 
an image selection unit that selects one of a prediction 
image based on the motion vector of the first target 
block, the motion vector being searched for by the 
motion prediction unit, and a prediction image based on 
the motion vector of the second target block, the motion 
vector being searched for by the motion prediction unit. 

11. An image processing method comprising the steps of 
using, with an image processing apparatus, a motion vector 

of a target block, the motion vector being searched for in 
a first reference frame of the target block of a frame, so 
as to calculate a search center in a second reference 
frame whose distance in the time axis to a frame is next 
close to the first reference frame; and 

searching for, with the image processing apparatus, a 
motion vector of the target block in a predetermined 
search range in the Surroundings of the calculated search 
center in the second reference frame by using a template 
that is adjacent to the target block in a predetermined 
position relationship and that is generated from a 
decoded image. 


